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Using industrial company as the unit of analysis, this study investigated how barriers prevented 
the pursuit of energy efficiency in the industry by adopting the principles of systems approach. 
Preliminary qualitative data were collected via sixteen exploratory, semi-structured interviews 
and by performing a case study. Insights from the extensive literature review, exploratory 
interviews and a case study were drawn to identify antecedent to energy efficiency in companies 
and to formulate five sets to hypotheses. “Motivation”, “capability”, “implementation” and 
“results” are the four antecedents to “energy efficiency outcomes” in this study. “Motivation” as 
we define it, consists of two mutually-exclusive constructs, namely “Cost” and “CSR”. “Cost” 
arises from the potential of costs reduction possible with energy efficiency improvements and 
“CSR” refers to the company’s sense of corporate social responsibility towards the environment. 
“Capability” consists of two constructs, namely “technical capability” and “financial capability”. 
As the terms imply, “technical capability” refers to the technical competency of a company for 
energy efficiency and “financial capability” refers to the financial resources a company possesses 
that are needed to pursue energy efficiency. “Implementation” is the actual carrying out of actions 
plans on energy efficiency. “Results” refers to the ability of companies to demonstrate the 
outcomes of energy efficiency actions.  
Results of regression analysis showed that the main motivation for companies to pursue energy 
efficiency is “Cost”. “Technical capability”, “implementation” and “results” were also found to 
have significant positive relationships with energy efficiency adoption in companies. A surprise 
finding was the lack of relationship between “financial capabilities” with energy outcomes. 
Despite many claims on the importance of financial barriers, the “financial” factor did not have 
significant influence on energy efficiency outcomes. Corporate social responsibility (“CSR”) was 
also found to not have significant influence on energy efficiency. 
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Hierarchical regression revealed interactions effects between factors. Overall, “cost” was 
moderated by “results”. When the samples were stratified into low energy-intensive companies 
and high energy-intensive companies, multiple-factors interactions surfaced, showing that 
barriers do not exist in isolation, but, as our results will reveal, barriers interact differently in 
different contexts. 
Often, policies for improving energy efficiency were proposed with a lack of consideration for 
the interaction effects among barriers. This study steered away from the mainstream economics 
approach used to analyze barriers and instead, adopted principles of systems approach to uncover 
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Fossil fuels, such as coal and oil, have been feeding the dramatic energy appetite of industry since 
the dawn of industrial revolution. Being a factor of production, fossil fuels were essential to the 
industrial and economic development of many countries in the early days. However, while 
industrial economies developed, the environment deteriorated. Combustion of fossil fuel produces 
not only energy but also greenhouse gases (GHG) – mainly carbon dioxide (CO2) – which has 
been identified as the cause of global warming and climate change (Oxbourgh 2011). In 2004, 
energy-related emission accounted for 9.9 gigatonnes of CO2 emissions, an increase of 65% from 
1971 levels (Worrell, Bernstein, et al., 2009). GHG emissions and rising earth temperatures are 
now major global concerns, with responsibilities placed on every country to do its part in 
reducing emissions. As multilateral institutions such as the Intergovernmental Panel on Climate 
Change (IPCC) and United Nations Framework Convention on Climate Change (UNFCCC) have 
become more influential, governments are faced with greater pressure and urgency to develop and 
meet energy and emissions reduction targets. However, not until alternative clean energy become 
viable, fossil fuels will continue to be the main energy resource in meeting World’s energy 
demand. In view of this, energy efficiency and conservation goals have become key action items 
in reducing energy consumption and GHG emissions, having widely deployed by governments to 
mitigate climate change. However, governments often face conflicting concerns for the industrial 
sector. In many countries, especially the developing ones, industry development is crucial for 
economic growth and the correlation between energy use and economy growth makes energy 
regulations in the industrial sector especially challenging. This research therefore chooses to 
focus on improving energy efficiency in the industrial sector. An outcome of this study is the 
provision of policy insights for industrial energy efficiency policy making. 
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The industrial contributes to a substantial proportion of global energy consumption (Figure 1-1). 
Challenges facing the industry today are daunting. There is a need for industry to maintain 
industrial competitiveness in the face of rising energy prices and to reduce energy emissions year 
on year as more stringent emissions targets are imposed. Energy efficiency provides the most 
cost-effective means for industry to meeting these challenges. Energy efficiency can help industry 
reduce the costs of production and energy-related emissions.  
 
Figure 1‐1: World energy consumption by sector (IEA 2008) 
Intuitively, industry should embrace energy efficiency since it reduces energy costs. However, 
high amounts of wasted energy were often reported. Two US studies by the Energetics Team and 
Pacific Northwest National Laboratory (PNNL) had reported  a waste heat recovery  potential of 
more than 1.6 quadrillion Btu per year (about 1.6% of US energy consumption in 2006) 
(Energetics 2004; PNNL 2006). What, then, stands in the way for energy efficiency? The 
phenomenon of not adopting rational energy decisions and investments has been termed “energy 
efficiency gap” by Jaffe and Stavins (1994). A review of the literature on energy efficiency 
This image cannot currently be displayed.
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revealed the presence of barriers that prevented realization of energy efficiency (e.g. Jaffe and 
Stavins 1994; Worrell 2009; Sorrell 2000). 
Barriers to energy efficiency and the “energy efficiency gap” were essentially neo-classical 
economic concepts; therefore early stages of barriers analysis were done form the perspective of 
economic theory. Mainstream economic theories classified barriers as market failures, non-
market barriers and others (Sorrel 2000; Brown 2001; Weber 1997). Major market failures 
included real cost of energy not reflected and principal-agent problems etc. As the economists 
argued, recognizing these market failures and developing measures to overcome them would 
reduce the “energy efficiency gap”. the traditional, economic-based theory taxonomy of barriers 
in which barriers are grouped into market failures, non-market failures and others have also been 
adopted by other researchers in their analyses (e.g. Rohdin and Thollander 2006; Rohdin, 
Thollander et al. 2007; Kounetas, Skuras et al. 2009 etc). Because similar taxonomy was used, 
these studies did not offer new perspective on barriers to energy efficiency but they did 
contributed to a comprehensive list of individual barriers. 
However, addressing the “energy efficiency gap” seems to require analysis beyond having a 
comprehensive list of barriers. According to McKinsey & Co. (2009), despite prolonged public 
awareness campaigns, programmes, and target actions by companies and non-government 
organizations, huge amounts of energy efficiency gains of about US$130 billion still went 
unrealized each year (McKinsey 2009). Energy efficiency policies have been introduced since the 
oil crises in the 1970’s but they had not brought about the desired rate of energy efficiency 
improvement, not even with a comprehensive list of barriers in hand. This, therefore, paints the 
background of our research which is to investigate why barriers still persisted after all these years 




We are well aware that barriers to energy efficiency are the main reason for suboptimal energy 
efficiency improvements. Studies on barriers to energy efficiency have been traditionally 
conducted from a neo-classical economics perspective. Using neo-classical economics concepts, 
we were able to identify what barriers are present and the concepts also help understand the 
nature of those barriers. However, there is limited knowledge on how barriers act and prevent 
energy efficiency. The main objective of our research is to study barriers from a different 
perspective, one that consider possible interactions among barriers. To our knowledge, 
interactions among barriers have not been widely addressed in literature. Solutions to energy 
efficiency barriers were often proposed in isolation of other barriers. If barriers indeed interact, 
solutions that fail to consider interaction among barriers would be less effective than expected.  
To investigate the presence of interaction among barriers, a systems thinking perspective is 
adopted. Systems thinking seeks to identify relationships among factors. In this case, it offers a 
different and fresh perspective to the usual mainstream economic theory. If interactions are 
indeed present, more carefulness needs to be exercised in policy-making to encourage energy 
efficiency adoptions. 
1.3. Main	research	contributions	
The main theoretical contribution of this work lies in its novel and systematic perspective to 
barriers analysis. Prior studies reviewed here shows that the analysis of energy efficiency barriers 
has predominantly been using mainstream economics theory. Although the nature of barriers can 
be well explained by mainstream economics theory, it lacks systems thinking perspective which 
considers interaction among barriers. Using a novel and systems approach to analysis of barriers, 
our study revealed that interactions exist among barriers. Because of such interactions, a barrier 
can strengthen or weaken the impact of another barrier on energy efficiency adoption in a 
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company. Therefore, barriers cannot be treated in isolation from each other, and solutions to 
barriers need to take into that fact into consideration. In view of this, it has implications for future 
research. Future research on barriers to energy efficiency needs to consider and take into account 
the interactions of barriers during analysis to make the analysis adequate. Researchers should now 
focus on the interplay of barriers in a system, rather than the identification of barriers. The 
process of identification of barriers has been well established and a comprehensive list of barriers 
is now available. The more important task now is to view barriers in a systemic manner, one that 
tries to understand how barriers influence each other and energy efficiency in different context. 
1.4. Structure	of	thesis	
This thesis comprises seven chapters, including this Introduction chapter. The following 
paragraphs briefly describe the content of each chapter. 
Chapter 2: Literature Review. This chapter first introduces the concept of “energy efficiency gap” 
and barriers to energy efficiency. A detailed review of various research approaches to studies on 
barriers to energy efficiency is presented. Following the review on barriers is the discussion on 
systems approach to problem solving. We also elaborate how systems thinking perspective 
applies to this study. Research questions, as a result of the literature review, are stated at the end 
of Chapter 2. 
Chapter 3: Exploratory Interviews & Case Study. Exploratory interviews and case study were 
conducted to draw abstract concepts from observation and reflection of real life experiences. This 
chapter describes the type of data collected and elaborates on the important findings from our 
interviews and case study.  
Chapter 4: Hypotheses Development. By drawing insights from literature, interviews and case 
study findings, we identify four antecedents to the dependent variable, “energy efficiency 
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outcome” which is a construct for the extent of (successful) energy efficiency adoptions in a 
company. In the process, we also developed five sets of hypothesis. The antecedents identified 
are “motivation”, “capability”, “implementation” and “results” and as will reveal in the chapter, 
we specify six constructs to these antecedents.  To aid understanding, a conceptual model is 
drawn up and presented at the end of the chapter.  
Chapter 5: Survey Instrument development & Implementation. A survey targeted at the industrial 
sector was conducted to test the hypotheses developed in Chapter 4. Questionnaire survey is the 
main research methodology used in this study. In this chapter, we first justify the decision of 
using a formative measurement model. As part of questionnaire design, constructs are 
operationalized and measurement indicators are developed with reference to the relevant 
commercial surveys, academic journals and also from the interviews that we conducted. 
Dillman’s survey method (2009) was adopted for survey implementation. Details of Dillman’s 
survey process are described in this chapter. The industrial sub-sectors chosen for the survey are 
SSIC 10, SSIC 20, SSIC 24-25, SSIC 26 and SSIC 28. The overall response rate was low for 
various reasons that are explained in the chapter.  In the final part of this chapter, we evaluated 
the measurement model to check for non-response bias and to ensure model validity.  
Chapter 6: Results & Discussion. The main focus of this chapter is on the assessment and 
discussion of the structural models that are present at the beginning of the chapter. We employed 
partial least squares path modeling and hierarchical regression techniques for the assessment 
analysis. The format of discussion is as such: Regression results of structure model assessments 
are first displayed in a table and in the paragraphs that follows, we discuss about the findings. 
After the structural model assessment, we performed a post-hoc analysis in which where the 
sample was divided two groups. One group consists of the companies highly motivated by “cost”, 
where “cost” refers to the potential of cost savings that is possible with energy efficiency 
improvements. The other group consists of companies with low “cost” motivation. Separate but 
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similar hierarchical regressions were performed for these two groups. Likewise, the findings are 
presented and discussed. 
Chapter 7: Conclusion & Future Work. This chapter reiterates the main findings of this study and 
its theoretical contributions and relates them to the implications on research and policy. We also 
point out limitations of this study as well as the areas for future work. Finally, a short conclusion 
is provided. 








Phase 1: Research review and focus 
In this phase, we conduct extensive review on 
academic journals and formulate the research 
questions. 
Phase 2: Conceptual framework and hypotheses 
development 
In this phase, we collect qualitative data from 
interviews and case study. We then draw insights from 
the data and literature and develop hypotheses. In the 
process, a conceptual framework is drawn up.  
Phase 3: Concept and hypotheses testing
Questionnaire survey is the main research 
methodology used to test the hypotheses. In this phase, 
we define and operationalize constructs. We also 
develop measure indicators based on previously 
validated items in literature and commercial surveys, 
and from the interviews we conducted
Phase 4: Discussion and conclusions
Regressions tools are used to analyse the survey 
results. Findings are discussed and contributions to 
research and policy are highlighted. Directions for 




Exploratory Interviews & Case Study
Chapter 5











A review of existing literature on barriers to energy efficiency with a focus on the industrial is 
conducted.  We first introduce the concept of “energy efficiency gap” and then describe how 
barriers have been used to explain the “energy efficiency gap”. A detailed review of the existing 
literature provides description on the traditional perspective and approach taken to barriers study. 
This review brought forward the apparent lack of consideration for interactions among barriers to 
energy efficiency. To further substantiate this research gap, we discuss the principles of systems 
approach and how they can be applied to problem solving and to our study. After putting the 
pieces together, we formulate the research questions. 
2.1. Barriers	to	energy	efficiency	in	the	industrial	sector	
Jaffe and Stavins (1994) first introduced the “energy efficiency gap” to describe the “paradox of 
gradual diffusion of apparently cost-effective energy efficient technologies”. In other words, 
“why aren’t we adopting energy-saving and/or energy efficient technologies when they help to 
reduce our energy cost?” As economists would argue, there must be impediments, not captured in 
investments calculations, which hinders rational decisions on energy efficiency investments 
(Weber 1997). These impediments or barriers to energy efficiency are defined as “postulated 
mechanisms that inhibit investment in technologies that are both energy efficient and 
economically efficient” (Sorrell 2000, page 27). 
A review of the literature revealed that there are indeed “barriers” to energy efficiency (e.g. Jaffe 
and Stavins 1994; Worrell 2009; Sorrell 2000). Barriers are invisible and unobservable but they 
are real (Weber 1997). Though invisible, the existence of barriers is manifested in energy 
efficiency potential studies (such as the Energetics and PNNL studies) where high magnitude of 
untapped potential of energy efficiency and wasted energy are reported. Until now, the concept of 
barriers is still used to explain why rational energy efficiency measures, even though technically 
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feasible and economically viable, were not adopted. Studies on barriers to energy efficiency have 
been with policymakers and researchers. It is in their interests to address and narrow the “energy 
efficiency gap”.  
There are a few approaches that researchers took to analyse barriers, such as country–specific 
studies (e.g. Nagesha and Balachandra 2006; Rohdin and Thollander 2006; Thollander and 
Ottosson 2008; Wang, Wang et al. 2008), region-specific studies (e.g. UNEP 2006) and, 
theoretical economic studies (e.g. Howarth and Anderson 1993; Brown 2001). Country–specific 
studies were usually conducted on targeted but major industrial sub-sectors (e.g. Rohdin, 
Thollander et al. 2007; Thollander and Ottosson 2008) or, on other industry clusters such as small 
industry clusters (e.g. Nagesha and Balachandra 2006) and small-medium enterprises (e.g. Önüt 
and Soner 2007; Thollander, Danestig et al. 2007). In the aforementioned studies, the 
methodology to barriers analysis remained fairly similar. Usually, the first step in barriers 
analysis would involve identification of “unobservable” barriers, often through surveys in which 
respondents identify the relevant barrier and indicate the extent to which they were affected by 
those barriers (e.g., Rohdin and Thollander 2006; Rohdin, Thollander et al. 2007). In some of 
those studies, barriers were further ranked according to their importance (e.g. Rohdin and 
Thollander 2006; Thollander and Ottosan 2008; Nagesha and Balachandra 2006; Wang and Wang 
et al. 2008). From the studies, it was observed that almost the same barriers existed everywhere; 
the main difference was that different barrier(s) dominated in the different contexts. 
Much of the early work on barrier studies were conducted by economists and explained using 
mainstream economic theory. After Jaffe and Stavins’ work, we saw Weber’s methodological 
background on barrier models (Weber 1997). According to Weber (1997), barrier models should 
address three features, namely, the objective obstacle, the subject hindered and the action 
hindered.  Weber’s barrier model essentially provides a mean to classify barriers, largely based on 
mainstream economic perspectives. He identified four broad categories of barriers, namely (1) 
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institutional, (2) market failures, (3) organisational, and (4) behavioral. Following Weber’s work, 
classification of barriers became a useful tool for analysis. Classifications of barriers based on 
economic perspectives such as Weber’s, were adopted by many researchers to study barriers (e.g. 
Sorrell 2000; Rohdin and Thollander 2006; Thollander and Ottosson 2008). United Nation 
Environment Program (UNEP) (2006), on the other hand, used a different classification in which 
barriers were grouped into areas of management, information and knowledge, financing and 
government policy. 
When based on mainstream economic theory, the energy efficiency gap was largely attributed to 
market failures. Market failures occur due to flaws in the way markets operate. Mainstream 
economists argued that an imperfect market was a major reason for a slow adoption of energy 
efficiency technologies and suboptimal energy efficiency investments. Three commonly reported 
market failures included information problems, unpriced energy costs and the spillover nature of 
research and development (R&D) (Brown 2001; Gillingham, Newell and Palmer 2009).  
Information problems included a number of specific problems such as lack of information, 
asymmetric information and the well-documented principal-agent problem. Asymmetric 
information problems occur when one party involved in a transaction has more information than 
the other (Gillingham, Newell and Palmer 2009), which may lead to suboptimal energy efficiency 
decisions. The fact that energy efficiency is unobservable further intensified this asymmetric 
information barrier. Equipment sellers could advocate the energy efficiency of a machine, but 
buyers often did not regard that as an important aspect since they could not “see” the benefits. 
According to Anderson and Newell (2004), that was a prevalent problem in the industrial sector; 
managers are more concerned about initial upfront investment costs rather than annual savings 
when making an investment decision. 
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Economists also posited that mispriced energy was why the rate of energy efficiency 
improvement was suboptimal. Hence, schemes such as the Emissions Trading Schemes (ETS) in 
the European Union (EU) and emission costs enforced by the US Environment Protection Agency 
Mechanisms under the Clean Air Act were implemented in an attempt to incorporate 
environmental externalities into energy prices so as to reflect true cost of using energy. However, 
such mechanisms were also not problem-free. Companies in those countries had complained 
about losing industrial competiveness to other countries where emissions and energy are not 
regulated – the leakage problem. In addition, experience showed that accurate and verifiable data 
must be available for successful implementation of those programmes (Egenhofer 2007), which is 
often not the case. 
The other frequently identified market failure was the research & development (R&D) spillover. 
It occurs when companies absorb the market and technological risks when developing energy 
efficiency technologies but the payback and benefits also flow to the public, competitors and 
other parts of the economy indirectly. Benefits of energy efficiency investments are not exclusive 
to the companies who first invest in energy efficiency (the “spillover” effect) and because so, 
energy efficiency R&D investments are perceived as unattractive (Brown 2001). 
Market failures of energy efficiency were well-documented and acknowledged, but it should be 
clear that they can only account for part of the energy efficiency gap. Barriers to industrial energy 
efficiency are multi-faceted which entail technical, economic and organizational components. In 
recent years, researchers have adopted a more inclusive and open approach by conducting 
interviews and surveys questionnaires and performing case studies to identify barriers present in 
the industrial sector. In a number of studies, barriers were identified (through perception surveys), 
classified and discussed according to their nature (e.g. Rohdin and Thollander 2006). Ranking of 
barriers also appeared to be a useful analysis (Rohdin, Thollander et al. 2007). In those studies, 
policy suggestions were offered on possible remedies to overcome these barriers. Examples 
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include energy labeling programs to overcome information problems and incentives or grants to 
alleviate financial barriers. Unfortunately, perception surveys have major limitations. Basically, 
these results were contingent, i.e. they are applicable only at the place and time at which the 
survey was conducted, and therefore findings might not apply to other countries and/or industrial 
sectors. However, it was noted that despite several different studies, there was a list of consistent 
barriers emerged. Similar barriers are recorded in literatures. What is lacking, and perhaps useful 
to develop, is an overall framework that could address these barriers. 
Increasingly, researchers with different backgrounds – engineers, ecologists, sociologists, and 
policymakers – have taken an interest to address the energy efficiency gap. Participation from 
interdisciplinary researchers, over the years, had “expanded” the list of barriers to energy 
efficiency which now includes non-economic, social and behavioral components, such as social 
network effects on technology diffusion, risk-adverse individuals etc (Owens and Driffill 2008; 
Stephenson, Baron et al. 2010; Adamides and Mouzakitis 2009; Smith, Voß et al. 2010; Palm and 
Thollander 2010). Non-economics, social science perspectives on barriers to industrial energy 
surfaced other social and behavioral barriers to technology adoption and innovation diffusion. 
Owens and Driffill (2008) and Stephenson, Baron et al. (2010) argued that behavioral and attitude 
changes to energy consumption contribute to energy efficiency implementation. Similar and 
newer perspectives on identifying and creating socio-technical transition pathways to sustainable 
energy systems have also been introduced (Adamides and Mouzakitis 2009; Smith, Voß et al. 
2010). Over time, new interdisciplinary perspectives to barriers to energy efficiency have been 
introduced and integrated. 
Collectively, the various studies have identified a somewhat comprehensive list of barriers to 
energy efficiency in industry. However, they are short of a consensus as to which barriers are the 
most important. While analysts such as Nagesha and Balachandra (2006) and Rohdin, Thollander 
et al. (2007) concluded that financial barriers were most significant, others have identified 
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production risk and information barriers as the most significant barriers for the industry 
(Kounetas, Skuras et al. 2009; Rohdin and Thollander 2006). Energy efficiency policies have 
been introduced since the oil crises in the 1970’s but they had not brought about the desired rate 
of energy efficiency improvement, not even with a comprehensive list of (important) barriers in 
hand. Perhaps more importantly, it was unclear whether overcoming the most significant barriers 
will automatically lead to higher energy efficiency adoption, especially if the barriers are inter-
connected. A recent study by Palm and Thollander (2010) highlighted the interdisciplinary nature 
of energy efficiency and investigated the effects of social networks and regimes on energy 
efficient technology diffusions. They emphasized the need for analysts to steer away from 
traditional approaches to barrier analysis.  
Many of the references cited in this study treat barriers in isolation (e.g. Rohdin, Thollander et al. 
2007; Thollander and Ottosson 2008; Önüt and Soner 2007; Thollander, Danestig et al. 2007). 
There was a general lack of consideration for possible relationships among barriers. Only three 
studies cited here considered that barriers were interconnected. The first study, Wang, Wang et al. 
(2008), explored the interactions of barriers using Interpretive Structural Modeling (ISM) to map 
and rank the energy efficiency barriers in China. The second study, Nagesha and Balachandra 
(2006), employed the Analytical Hierarchy Process (AHP) to identify the structure of energy 
efficiency barriers in several small sector industry (SSI) clusters in India. Their results suggested 
that barriers resemble a multi-structural level model or display a form of hierarchy. The third 
study by Hasanbeigi, Menke et al. (2009), showed the connections between barriers in Thailand, 
upon which a framework for the process of decision-making for investment in energy efficiency 
was proposed. Together, these three studies alluded to the fact that there an underlying 
relationship between the barriers that needed to be recognized when overcoming energy 
efficiency barriers. In view of this, our study aims to further explore on the possible interactions 
among commonly reported barriers.  
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To start off, we first identified key barriers from literature. Often, similar barriers named in a 
different way were reported in different references (for example, limited access to capital is 
similar to lack of funding from management). Table 2-1 shows how key barriers to energy 
efficiency were derived from the relevant literatures. Weber’s and Sorrell’s theoretical 





Theoretical framework Typical barriers References Key barriers 
Economic non-market 
failure or market 
barriers (Sorrell 2000; 
Brown 2001) 
Low priority of energy issues Brown, 2001 
 Fear of technical risk/ cost of 
production loss 
 
 Perceived high cost of energy 
investment 
 
 Other capital investments are 
more important 
 
 Uncertainty about future energy 
price 
 
 Lack of experience in 
technology 
 
 Lack of information in energy 
efficiency and savings 
technology 
 
 Lack of trained manpower/staff 
 
 Lack of energy metering 
 
 Lack of access to capital/budget 
 
 Lack of government incentives 
 
 Weak policies and legislations 
 
 Resistance to change 
 
 Legacy system 
Cost of production disruption Rohdin and Thollander 2006;  Thollander 
and Ottosan 2008;  Thollander and Dotzauer 
2010   
Other priorities for capital investments Rohdin and Thollander 2006;  Thollander 
and Dotzauer 2010; Sardinou 2008 
Lack of time/ other priorities Rohdin, and Thollander 2006;  Nagasha and 
Balachandra 2006;  Thollander and Dotzauer 
2010 
Reluctant to invest because of high risk Wang, Wang et al. 2008 
Technical risk such as risk of production 
disruptions  
Thollander and Ottosan 2008 
Competition from other projects Ren 2010 
Lack of management support UNEP 2006 
Limited access to capital  Rohdin and Thollander 2006; UNEP 2006; 
Thollander and Dotzauer 2010; Sardinou 
2008 
Capital market barriers Brown 2001 
Lack of investment capability Balachandra and Nagasha 2006 
Lack of funding/ financing capabilities  Wang, Wang et al. 2008 
Uncertainty about future energy price Thollander and Dotzauer 2010; Sardinou 
2008 
Increased perceived cost of energy 
conservation measures 
Sardinou 2008 
Cost of identifying opportunities, analyzing 
cost effectiveness and tendering 
Thollander and Ottosan 2008;  Thollander, 
Dotzauer 2010;  Rohdin and Thollander 2006 
Economic Market 
Failure (Sorrell 2000; 
Brown 2001) 
Split incentives Brown 2001 
Un-priced cost and benefits Brown 2001 
Insufficient and inaccurate information Brown 2001; Wang, Wang et al. 2008; Ren 
2010; UNEP 2006; Nagasha and 
Balachandra 2006; Thollander and Ottosan 
2008 
Lack of experience in technology and Wang, Wang et al. 2008; Ren 2010 
 
 
Theoretical framework Typical barriers References Key barriers 
management 
Difficulties in obtaining information about 
the energy consumption of purchased 
equipment 
Thollander and Dotzauer 2010 
Lack of technical skills Thollander and Dotzauer 2010;  Sardinou 
2008 
Lack of trained manpower Wang and Wang et al 2008;  Thollander and 
Dotzauer 2010; Thollander and Ottosan 
2008; Rohdin and Thollander 2006;  
Sardinou 2008 
Lack of information on profitability of 
energy saving measures 
Sardinou 2008; Wang, Wang et al. 2008 





Resistance to change Nagasha and Balachandra 2008 
Institutional (Weber 
1997) 
Weak legislations and/or enforcement UNEP 2006; Nagasha and Balachanndra 
2006 
Lack of government incentives UNEP 2006 
Organizational (Sorrell 
2000; Weber 1997) 
Lack of sense of corporate social 
responsibility or environmental values 
Rohdin and Thollander 2006 
Lack of environmental policies within 
company 
UNEP 2006 
Energy manager lacks influence Sardinou 2008 
Lack of sub-metering Thollander and Dotzauer 2010; Thollander 
and Ottosan 2008 
Physical Constraints Inappropriate technology at site Thollander and Dotzauer 2010; Wang, Wang 
et al. 2008 






Researchers study about barriers to industrial energy efficiency to aid policymakers in 
formulating energy policies that sought to increase energy efficiency adoptions by industry. Some 
policies, such as Japan’s Top Runner Programme, have been successful in creating efficient 
market conditions for manufacturers to continuously pursue energy efficiency while some other 
policies experienced initial success and decreasing effectiveness over time, such as the Dutch 
Long Term Agreements (LTAs). It is unclear why energy efficiency constantly remained 
unrealized and barriers still persisted despite so many years of government policy interventions. 
Despite  myriad of studies (e.g. Brown 2001; Energetics 2004; Worrell 2009; Sorrell 2000; Wang, 
Wang et al. 2008), there has been no established advice or theory on when and what policies 
should be applied. The disparity between promise and actual progress of energy efficiency 
suggests that there is an urgent need to develop a framework which could link policies together. 
This lack of an overarching framework may stem from the fact that many energy efficiency 
studies, as discussed earlier, treated barriers as independent of each other. Developing a holistic 
framework which takes into account the relationships between the barriers is thus necessary in 
order to achieve greater energy efficiency in industry. Systems approach or systems thinking 
provides a relevant perspective to view the barriers holistically. To our knowledge, this is a novel 
approach to analyse barriers to energy efficiency. 
The systems approach or systems thinking is a perspective which views an event or a system in a 
holistic manner by placing explicit emphasis on the relationships and interactions between the 
system’s elements and constituents (Senge 1990).In the early years, concepts and applications of 
systems thinking were recognized as general systems theory (Bertalanffy 1950). The core 
concepts included parts/wholes/sub-systems, system/boundary/environment, structure/process, 
emergent properties, hierarchy of systems, feedback effects, information and control, open 
systems and holism (Mingers and White 2010). These fundamental concepts have not changed 
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much throughout the years and the emphasis on relationships and interactions could not have 
been more valued. Much of systems thinking’s power lies in its ability as a problem solver to 
identify underlying the system’s structure that explains (similar) patterns of behaviour in a variety 
of different situations. Systems thinking also requires that we shift our mind from event 
orientation (linear causality) to focusing on internal system structure (circular causality), as the 
underlying system structure is often the root cause of the problems. This probably explains why 
the systems approach is considered useful for dealing with complex, large scale and 
interdisciplinary problems (Boulding 1956). 
Hawkesbury’s hierarchy (Bawden et al. 1985) presented various types of research approach to 
problems, from basic research to applied research and to systems research. Basically there are two 
types of systems approach, the hard and soft systems approach. Stephen and Hess (1999) 
illustrated the application of hard and soft systems using the concept of “level” and “output”, 
where “level” could be loosely understood as the unit of analysis ranging from individual CEOs, 
companies or industrial subsectors. The level of the system being studied has a direct implication 
on the choice of approach adopted for analysis. The higher the system level, the larger the 
interplay amongst a number of factors, the higher the degree of “subjectivity” and the lower the 
degree of “reductionism” (breaking it into components) (Bawden 1985). To further illustrate, 
Checkland (1981) referred to a spectrum of systems approaches from those “relatively hard 
systems characterized by easy-to-define objectives, clearly defined decision-taking procedures 
and quantitative measures of performance” to soft systems in which “objectives are hard to define, 
decision taking is uncertain, measures of performance are at best qualitative and human behavior 
is irrational”.  
Therefore, hard systems approaches are more appropriate for lower level (i.e. more well-defined 
system) of analysis which often leads to quantitative modeling, where a simulation of the 
functioning of the system mathematically allows researchers to investigate the response of the 
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system to alternative stimuli (Stephen and Hess 1999). Soft systems on the other hand are more 
appropriate for problems less clearly defined and take into account the different perspectives of 
all relevant valid stakeholders (Stephen and Hess 1999). In our case, a soft system approach 
would help better define the problem. Some examples of application of systems approaches to 
research are provided in Table 2-2. Systems thinking was also applied quite extensively to policy 
and economic analysis due to its ability to model feedbacks (e.g. Chi, Nuttall and Reiner 2009; 
Qudrat-Ullah and Baek 2010; Gielen, Feber and Gerlah 2000). 
Table 2‐2: Application of the systems approach to problem analysis 
Research work Type of systems approach References 
Water management Hard systems approach Stephens and Hess 1998; Mathews et al. 1997; Perry 
(1996) 
Soft systems approach Uphoff 1996 
Energy management Soft systems approach Freeman and Tryfonas 2011; Ngai et al. 2011 
Waste management Hard systems approach 
(systems engineering) 
Pires, Martinho and Chang 2010 
Shipbuilding industry Systems thinking Anh et al. 2009 
Product/ project management Systems thinking Lin and Ng 2010 
Socio-technical transitions Systems thinking Bennett and Pearson 2009 
 
Driscoll (2008) pointed out that we are unable to view system level behaviors and interactions (or 
the system’s structure) when we decompose a system into its elements. Bearing that in mind, we 
recognized and considered the energy efficiency adoption system in a company as multifaceted. 
We took into consideration the interplay of numerous barriers to energy efficiency that was 
internal and external to the company, as well as the influence of actions of different stakeholders 
on the process of energy efficiency adoption. Based on this thinking, we argue that the 
interactions among barriers have not been considered, which was why barriers persist despite the 
efforts of trying to remove them. Fundamental to this holistic approach is the concept of the 
“whole being greater than the sum of its parts” due to interactions (Rountree 1977). Barriers to 
energy efficiency cannot be studied properly by looking at them in isolation. Often, 
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recommendations were proposed for one barrier or a group of barriers of a similar nature, 
disregarding the possible interactions between barriers which might well render the 
recommendation ineffective. This we shall argue displays a lack of systems thinking. Systems 
thinking is needed to enable us to identify possible relationships among the (groups of) barriers. 
Understanding the possible relationships is important for making effective policy 
recommendations.  
In the context of this study on energy efficiency, our interest is the removal or reduction of 
barriers to energy efficiency and we recognize the validity of relevant stakeholders (i.e. industrial 
organizations, manufacturers, government agencies, customers, and energy service companies), 
related policies and energy efficient technologies and practices. As will be shown later, by 
adopting a systems thinking perspective, we avoid falling into the trap of assuming that barriers to 
energy efficiency are solely caused by singular events such as market failures (a form of linear 
causality), and thinking that barriers were independent of each other. We attempted to identify 
possible interactions, relationships, feedbacks and delays in the system to develop a framework 
for improving energy efficiency in industry. 
2.3. Conclusions	and	research	questions	
From the literature, a comprehensive list of barriers is gathered (Table 2-1). Although we know 
what barriers impede energy efficiency, we do not know how they do so. A systems approach to 
barriers analysis would offer new and a more holistic perspective to analyse barriers. Instead of 
treating barriers in isolation, it enables us to see possible interactions among barriers which will 
help in more effective policy making. With this, we identified the main research question and the 
corresponding sub-questions as follows: 
Main research question:  
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(1) How barriers prevent industrial companies from pursuing energy efficiency? 
Sub-questions:  
(1) What are the antecedents to energy efficiency from a barriers’ perspective?  
(2) Do barriers interact and how does the interaction affect energy efficiency outcomes in 






We conducted sixteen exploratory, semi-structured interviews, including an in-depth industrial 
case study to collect qualitative data and to perform preliminary analysis.  This was an attempt to 
form abstract concepts and generation by observing and reflecting real life experiences through 
an inductive and qualitative process. Such an approach is commonly adopted when there is a lack 
of established theories in the area of research (Eisenhardt 1989; Gill and Johnson 1991). In such 
cases, framework and conceptual constructs, rather than robust and rigorous models, are more 
useful for understanding the issue (Adler 1989). 
3.2. Exploratory	interviews	
It was important to have an up-to-date understanding of approaches to barriers analysis and 
organizations’ perceptions of energy efficiency. In total, interviews were conducted with eleven 
industrial organizations and five energy service companies (ESCOs) which have extensive 
experience in the areas of energy efficiency. Several ESCOs were included as they offer 
interesting insights from a solution provider’s perspective. Main interview questions included: 
What are the challenges or barriers faced in implementing energy efficiency? How are they 
overcome? Are the current government measures adequate? Why? How important is energy 
efficiency for your business? Other than interview records, corporate information in other forms 
such as annual reports and websites were also examined.  
Table 3-1 lists the primary and secondary data collected and triangulation used throughout the 
case studies. For confidentiality purposes, the actual names of the organizations were replaced by 
letters. The unit of analysis is industrial company that has attempted energy efficiency 
improvements. The unit of analysis refers to the core subject around which the research is focused 
and draws the boundary for data collection. The choice of the unit of analysis is determined by 
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the research questions (Yin 1989). A well-defined unit of analysis helps to impose boundaries on 
data collection (Miles and Huberman 1994).  
Table 3‐1: Sources of data from industrial companies, all interviews were conducted in 2010. 
Company Industry Interviews (Primary Source) Secondary Sources 
A Petrochemical  Technology/Development Manager 
 General Manager (External Affairs & 
Communications) 
 Corporate website 
 Project documents 
 Annual report 
 Hydrocarbon Asia 
B Petrochemical  Manager (Public & Government Affairs) 
 Advisor (Public & Government and Media 
Relations & Communications) 
 Corporate website 
 Project documents 
 Annual report 
 Energy dialogue 
C Petrochemical  Manager (Business Development) & Planning-
cum-Energy Manager 
 Manager (Process & Operation Technology) 
 Corporate website 
D Pharmaceutical  Director (Engineering Solutions)  Corporate website 
CSR report 
Company posters 
E Pharmaceutical  Engineering Service Director / Team Leader 
Mechanical Engineering Manager 
 Corporate website 
Project documents 
Annual report 
F Petrochemical  Plant Manager 
 Engineering Manager 
 Corporate website 
G Petrochemical  Plant Manager  Corporate website 
H ESCOs  Technical Director  Corporate website 
Project documents 
I ESCOs  Director (Urban Solutions) 
Director (Future Clean Technology) 
 Corporate website 
Brochures 
Project documents 
J ESCOs  Director (Energy Efficiency)  Corporate website 
K ESCOs  Managing Director  Corporate website 
L ESCOs  Regional Marketing Director (Building 
Solutions) 
Program Manager (Building Solutions) 
 Corporate website 
Brochures 
M Food Manufacturing  Executive Director and CEO 
Group Project Manager (Group Technical 
Department) 
Head (Electrical Department) 
 Corporate website 
N Engineering Services  Managing Director  Corporate website 
O Petrochemical  Research &Technology Manager  Corporate website 
Company profile report 
P Engineering Services  Corporate Facilities Manager  Corporate website 
Table 3-2 summarized the different barriers faced by those companies. The barriers were 
recorded accordingly as divulged by interviewees during interviews. Often, they mentioned them 
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explicitly such as “lack of money” and “we don’t know how to do it”. Occasionally, we clarified 
by asking them indirectly about the challenges they faced, such as “do you know how much 
energy each process consumes” and “is energy efficiency important to the management? Why 
and why not?”. “X” denotes presence of the corresponding barriers (in column in the left-hand 
side) in the company indicated by A, B, etc. It can be seen that, by and large, the barriers 
identified from the interviews were similar to those reported in the literature, though the 
significance of different barriers differed in different organizations. For example, it was recorded 
from the interviews with the local small-medium enterprises that smaller companies tend to face 
greater technical and financial barriers than larger companies. 
Table 3‐2: Key barriers faced by the industrial companies interviewed 
Key Barriers Industrial Companies 
A B C D E F G H I J K L M N O P
1. Fear of technical risks/ cost of production loss  × ×   × × ×   × × ×  × ×
2. Perceived high cost of energy investments   ×      × ×  × × × × ×
3. Other capital investments are more important          ×     ×  
4. Uncertainty of future energy prices    ×          ×   
5. Lack of experience in technology              ×   
6. Lack of information in EE and energy saving technology     × ×   × × ×  ×   ×
7. Lack of staff awareness / trained manpower ×    × ×       ×   ×
8. Lack of energy metering      ×  ×  × × ×  ×   
9. ESCOs lacking in specialized knowledge (new)              ×   
10. Limited access to capital / budget       ×   ×  × × ×   
11. Lack of government incentives ×                
12. Weak policies & legislations × ×        × ×      
13. Too many government stakeholders (new)     ×            
14. Resistance to change        ×         
15. Legacy system (Efficiency levels may currently be 
structurally based, or merely be an artefact of initial 
installation and construction specifications)  
×  ×    ×      × × × ×
16. Space constraints (new) ×            ×   ×
Three barriers (s/n 9, 13 and 16) appear to be new or unique to Singapore as they were observed 
from the interviews but were not reported in the literature that we reviewed. 
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In addition to the list of barriers, a few interesting observations were made that are worth 
reporting: 
1. There was a varying degree of commitment or motivation (and maturity) to energy 
efficiency among the companies. Drivers or motivations for energy efficiency were stronger for 
companies where energy cost was a substantial part of its operating cost (e.g. petrochemical 
companies), and those with a stronger sense of corporate social responsibility. In general, the 
motivation factors could be categorized as either economic (e.g. to reduce operating costs) or 
environmental (e.g. to be a good corporate citizen);  
2. Larger companies had more resources (time, staff, and financial resources) and technical 
capability for energy efficiency investments. In addition, larger companies enjoyed wider 
international networks and hence, they were able to perform internal benchmarking with their 
factories in other locations. Consequently, the rate of diffusion of energy efficiency technology 
and knowledge were faster for them, the same reason why larger companies were faster and more 
successful in adopting new technologies (Rogers 1995). Nevertheless, some smaller companies 
reported that they could overcome this disadvantage by seeking technical consultations from 
ESCOs, such as in the installation of energy monitoring and control systems;  
3. Many energy efficiency investments were not implemented due to fear of disrupting the 
production schedule. Plant managers and ESCOs revealed that costs of a loss in production tend 
to be greater than the savings projected from energy efficiency improvements. In addition, energy 
is a factor of production in the industrial sector and, therefore, efficiency levels may be 
structurally based or merely an artefact of initial installation and construction specifications. Also, 
given that production runs twenty-four hours a day, the time available to modify the production 
process for energy efficiency reasons is minimal; 
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4. Generally, there was a lack of data showing positive returns of energy efficiency 
investments in industrial companies and this posed a big barrier to sustaining energy efficiency 
efforts. In most industrial companies, energy monitoring and control systems were not designed 
to capture energy efficiency improvements. Traditionally, energy consumption data were used for 
product pricing. With the increased pressure on companies to be more energy efficient, some 
companies started using their existing systems to monitor energy efficiency. These systems were 
not designed to capture component level efficiency improvements and could only provide general 
information at broad systems level (such as the entire plant). Component level improvements are 
easily offset by other changes occurring in the production system such as changes in production 
mix, volume, operating conditions, etc. Thus, even though the engineers agreed on the importance 
of energy efficiency, they still had difficulties in convincing top management about the benefits 
of energy efficiency because savings were often not “visible”. In fact, scientific literature had 
identified the lack of appropriate energy efficiency metrics as a gap in industrial needs and Bunse, 
Vodicka et al. (2010), argued for the need for appropriate energy efficiency metrics for 
benchmarking purposes.  
We also observed that some barriers tend to appear with each other. For example, companies that 
reported high cost of energy investments as a barrier also reported other barriers such as technical 
risks/cost of production, lack of information on energy efficiency and energy saving technology, 
limited access to capital / budget, legacy system. Companies who found a lack of information on 
energy efficiency also faced barrier such as the lack of staff awareness or trained power. Fear of 
technical risks was also commonly reported along with the lack of energy metering and lack of 
information on energy efficiency. Collectively, these observations indicated a possibility that 
barriers interconnected. The interconnection of barriers could affect how a company adopts 
energy efficiency measures. This novel framework is elucidated in following Chapter 4 (section 




To further understand how companies overcome barriers related to energy efficiency and the 
relationships between the barriers, we conducted an in-depth case study on Glaxo Wellcome 
Manufacturing (GWM) Pte Ltd Singapore. We visited the site in Jurong in May 2010. The visit 
included a forty-five minutes tour on the plant facilities and about an hour discussion with the 
Director of Engineering Services and a few technicians about their energy efficiency projects and 
campaigns. Follow-up emails were corresponded with the Director to clarify doubts during 
documentation of the case study. This case study was also presented as an example of a 
successful energy efficiency effort in a company at the Singapore International Energy Week 
2010, held in Suntec Conventional Hall Singapore. 
GWM Singapore is a wholly owned subsidiary of GlaxoSmithKline (GSK), a leading global 
pharmaceutical based in the UK. Pharmaceutical products are generally less energy intensive 
compared to products from industrial sectors such as steel, cement and petrochemicals. Their 
energy costs form a small part of their overall operating expenses (typically less than 5%). Hence, 
it was particularly useful to draw lessons from GWM Singapore as they have pursued energy 
efficiency improvements despite not having a strong financial motivation, and able to achieve 
remarkable results. Table 3-3 summarises the case study. We studied how GWM Singapore 
achieved energy efficiency by first examining their primary drivers for energy efficiency and then 
identifying the critical success factors. 
Table 3‐3: Summary of GWM Singapore’s case study on energy efficiency 
GlaxoWellcome Manufacturing (GWM) Singapore 
Main driver  Cost of production - the need to maintain same level of operating cost even with the 
impending production transfer from UK 
Implementation  Divide factory into several zones, 
with one senior manager 
responsible for EE performance 
and initiatives in each zone 
(building) 
 Lack of dedicated staff Possible barriers 
overcome 
 Target on actual saving (i.e. 5%)  Resistance to change 
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each year (started in 2008)  Fear of risk to production 
Critical success 
factors 
 Top management support  Limited access to capital 
 Visible goal (Energy KPI 
prominently displayed alongside 
with other key KPI such as safety 
and quality) 
 Resistance to change 
 Fear of risk to production 
 Real time energy monitoring 
helped to identify possible areas 
for improvement and verify 
improvements  
 Lack of energy metering 
 Avoided component improvement 
at the expense of overall efficiency 
 Legacy system  
 Incorporated energy efficiency into 
production and design 




 Most low hanging fruit exhausted 
 To meet energy target would be high capital investments (e.g. tri-gen) 
 
GWM Pte Ltd Singapore has been active and successful in pursuing energy efficiency and 
conservation since 2002. It all started with a production transfer from the United Kingdom to 
Singapore’s factory. Then, it was forecasted that an energy consumption increase of 40% would 
accompany the increase in production, which would reduce their price competitiveness and was 
undesirable. Therefore, the top management decided to pursue energy efficiency and conservation 
to prevent the increase in energy operating costs. Assigned with a number of working cross-
functional teams, the Director of Engineering Services began a series of projects that focused on 
increasing energy efficiency. Finally, those projects successfully avoided the forecasted 40% 
increase in energy expenses despite the production increase.  
There were notable success factors in GWM Singapore’s energy efficiency drive. Clearly, there 
was a strong motivation displayed by top management. The first notable major success factor was 
support from the top management. The top management was motivated to pursue energy 
efficiency and conservation to reduce the energy cost of production and therefore rendered ample 
support to energy efficiency activities and projects. Top management support has been commonly 
reported in the literature as one of the critical success factors to overcoming common barriers to 
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energy efficiency such as limited access to capital and lack of dedicated staff (for energy 
efficiency). In this case, the management helped overcome barriers like high perceived cost of 
energy investments in the company by allowing a longer payback period for those energy 
investments, i.e. more access to capital. However, it must be noted that GWM, being an 
established multinational companies also possessed higher financial capabilities needed for 
energy efficiency investments.  
The implementation of energy efficiency project was facilitated by dividing GWM Singapore’s 
factory into several zones, each led by a senior manager responsible for energy initiatives and 
performance. Because of the clear delegation of duties, there was no “running away” from really 
pursuing energy efficiency. Above it all, there was a real time monitoring system that monitored 
and tracked the energy use in each zone, which enabled verification of actual energy savings from 
the projects. 
In 2008, the management established an annual energy savings target of a 5% reduction in energy 
consumption year on year. Indeed, energy consumption is one of the plant’s top five key 
performance indicators, that is prominently displayed at the central common area of the factory 
alongside safety and quality indicators. When energy is viewed as importantly as other business 
survival indicators such as safety and quality, behavioral barriers like resistance to change and 
fear of risk to production can be overcome. As a result of these comprehensive measures taken by 
GWM Pte Ltd Singapore, it enjoyed seven years of positive returns from their energy efficiency 
efforts since 2002. It must be highlighted that motivation without the necessary resources, 





Qualitative data collected from these interviews reveal that barriers might influence each other.. 
Companies facing the same barriers have exhibit different levels of energy efficiency 
achievements, implying a possible interplay of barriers. The case study on GWM Singapore also 






In this chapter, we drew insights from literature, interviews and case study findings to understand 
how barriers prevent energy efficiency in companies. We then combine those insights with 
elaboration to identify the antecedents to energy efficiency. At the same time, we also developed 
the hypotheses for this study. For each antecedent, we pose key questions that capture elements 
affecting energy efficiency outcomes and reflect the interests and objectives of company. In the 
process, key barriers from literature were being mapped onto the antecedents. This is a novel 
perspective to analyzing and categorizing barriers compared with the traditional approach using 
neo-classical economics theory.  
4.2. Antecedents	to	energy	efficiency	in	a	company	and	hypotheses	
Before identifying the antecedents, we need to first define the meaning of energy efficiency in a 
company. Here, we refer to energy efficiency in a company as “energy efficiency outcomes” (we 
code it as EE) where it reflects the extent of deliberate energy efficiency efforts (e.g. adoption of 
energy efficiency measures or equipment) in a company and how successful the efforts were.   
Motivation	and	its	impact	on	energy	efficiency	
After defining the meaning of energy efficiency, we next think of factors that impact energy 
efficiency. From the case study, it can be seen that the company need to first possess high 
“motivation” for energy efficiency to achieve “energy efficiency outcomes”. The main question 
posed here is: Why should companies be interested in energy efficiency? From our interviews, we 
observed that motivation tends to arise from recognizing the potential of energy efficiency to 
reduce their energy cost of production. Amongst the companies that we interviewed, those whose 
energy costs contributed to a greater proportion of total production costs displayed more energy 
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efficiency efforts. Higher proportion of energy costs correlates to a higher potential of energy 
savings and hence higher motivation.  
The contrary is true. When the potential of energy savings is low in a company, the company 
tends to have lower motivation for energy efficiency. In fact, one of the barriers to energy 
efficiency is the low proportion of energy cost in total cost of production.  When energy cost is not 
proportionally significant, energy efficiency becomes less important to the company. Taking this 
point from barriers perspective, we can recognize impediments that lower “motivation” would 
decrease “energy efficiency outcomes”. Examples of such impediments include lack of financial 
incentives (e.g. if energy expenses are only a small fraction of overall operating cost, lack of 
capital to pursue capital-intensive technology) and split incentives (Brown 2001). Clearly, we see 
that “motivation” leads to “energy efficiency outcomes. Therefore we hypothesize that: 
H1: A company’s energy efficiency outcomes increase with its motivation for energy efficiency 
During the interviews, however, we noted that motivation could arise from another source, other 
than cost reasons. In the previous paragraph we discussed how energy cost is a source of 
motivation. The other source of motivation recorded here is the sense of corporate social 
responsibility (CSR). As being “Green” becomes more important for business, CSR becomes an 
area of interest to the companies. The relation of energy efficiency to fulfilling CSR is clear; it 
reduces energy consumption, which reduces carbon footprint. Companies who possessed a higher 
sense of CSR were observed to embrace energy efficiency more than those who didn’t.  
In view of this, H1 is differentiated into two sub hypotheses which capture different sources of 
motivation. The first source of motivation, as explained earlier, comes from recognizing the 
potential of energy efficiency to reduce their energy cost of production. The second source of 
motivation is CSR. Therefore, we breakdown H1 into the following hypotheses: 
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H1a: A company’s energy efficiency outcomes increase with its cost motivation for energy 
efficiency. 
H1b: A company’s energy efficiency outcomes increase with its CSR motivation for energy 
efficiency. 
It is worth mentioning that there are also other forms of motivation that are reported in literature. 
Examples include regulatory compliance, awareness and meeting “green” customers’ demand 
(Aragon-Correa, Hurtado-Torres et al. 2008; Gonzalez-Benito and Gonzalez-Benito 2005; 
Gavronski, Ferrer and Paiva 2008). However, these drivers were less observed in the local 
context, perhaps because at this point, Singapore has not yet imposed any energy regulations on 
companies and customers in developing Asia seem to demand less of “green” products, unlike the 
“green” customers in Europe. 
Capability	and	its	impact	on	energy	efficiency	
Among the companies interviewed, some were multinational organizations (MNCs) and some 
were small-to-medium enterprises (SMEs). Quite obviously, larger companies were higher in 
“energy efficiency outcomes”.  When asked about their achievements in energy efficiency, they 
said that they had “more staff” and some even had dedicated staff for energy efficiency, like in 
the case of GWM Singapore. To add on, they could tap on expertise from their overseas 
counterparts and perform benchmarking which help in energy efficiency improvements. We 
describe these as “capabilities” the companies possess to pursue energy efficiency. However, 
smaller companies shared that they had consulted with technical consultants, if available, to better 
equip themselves on energy efficiency matters. Putting it into perspective, smaller companies can 
increase their “capability” for energy efficiency with external help. Whether internally or 
externally available, from this, we see that “capability” impacts “energy efficiency outcomes”. 
The main question posed here is: Do companies have the capability to implement energy 
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efficiency? In this case, barriers such as lack of information on energy efficiency technologies 
and lack of trained manpower, decreases a company’s “capability” for energy efficiency which 
negatively impact “energy efficiency outcomes”. Since “capability” impacts energy efficiency 
outcomes in a company, we hypothesize the following: 
H2: A company’s energy efficiency outcomes increase with its capability for energy efficiency. 
Similar to “motivation”, there are two dimensions to “capability” that we should recognize. The 
earlier paragraph focused largely on “capability” from a technical competency perspective.  
“Capability” can also be considered from a financial competency perspective. GWM Singapore, 
for example, reduces common barriers in financial “capabilities” by allowing a longer payback 
period for those energy investments, i.e. more access to capital. Recall that limited access to 
capital is a barrier commonly reported. Therefore, H2 is differentiated further into the following 
hypotheses: 
H2a: A company’s energy efficiency outcomes increase with its technical capability for energy 
efficiency. 
H2b: A company’s energy efficiency outcomes increase with its financial capability for energy 
efficiency. 
Implementation	and	its	impact	on	energy	efficiency	
An important concern in companies when it comes to implementation of energy efficiency efforts 
is whether they will be able to implement energy efficiency successfully? Industrial companies 
often operate twenty-four/seven, except during periodic, infrequent plant shutdowns for 
maintenance. This lack of window of opportunity for engineering changes is a barrier to energy 
efficiency. Companies shared that energy efficiency improvements were often carried out only 
during plant shutdowns for fear of disruption to process and product quality. Such a fear is also 
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another common barrier reported in literature as well. Another common barrier related to 
implementation is resistance to change. However, our case study is able to shed insights on how 
“implementation” barrier might be overcome. In GWM Singapore, energy consumption is one of 
their top five key performance indicators and is prominently displayed at the central common area 
of the factory alongside safety and quality indicators. Treating energy efficiency as importantly as 
other business survival factors like safety and quality reduces workers fear of disruption to 
production and increases the likelihood of energy efficiency actions and therefore reduces the 
lack of window of opportunity barrier. In sum, the method of implementation (of energy 
efficiency measures) and presence of opportunities (such as plant shutdown, timely upgrade of 
failing equipment, etc) for implementation impact “energy efficiency outcomes”. With this, we 
identified the third antecedent to “energy efficiency outcomes” – “implementation”. This leads to 
the third hypothesis: 
H3: A company’s energy efficiency outcomes increase with its implementation of energy 
efficiency efforts. 
Results	and	its	impact	on	energy	efficiency	
Real-time energy monitoring of a factory was an interesting sight during our site visit to GWM 
Singapore. Energy monitoring was set up for all the factory zones and equipment that provided 
clearer and deeper information on energy consumption. The Director of Engineering in GWM 
shared that such a monitoring system allowed them to track energy consumption and pin-point 
abnormalities in energy consumption at source. During project evaluations, the monitoring 
system is able to provide them with accurate energy information that helped to verify energy 
savings from projects. In a large number of companies we interviewed, such visibility of energy 
consumption and costs were not available. Without such information, the benefits of energy 
efficiency are not easily seen and prevent “energy efficiency outcomes”. When companies 
expressed that there were often little or insignificant energy savings from energy efficiency 
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efforts, they fail to understand that that is due to energy costs being a small portion of total 
operating costs, and hence energy savings through energy efficiency adoption could be easily 
offset by other changes such as increased manpower and production changes. Energy tracking 
and monitoring would help to overcome this problem. Therefore, the ability to demonstrate 
positive “results” impacts “energy efficiency outcomes”. Lack of energy data and positive results 
demonstration from energy efficiency are barriers that have been reported in literature (Worrell 
2009). In any project, including energy efficiency, it is important that efforts are worthwhile and 
that returns can be demonstrated. Therefore, we identified “results” as the fourth antecedent to 
“energy efficiency outcomes” and hypothesize the following: 
H4: A company’s energy efficiency outcomes increase with its ability to demonstrate results of 
energy efficiency implementation. 
Conceptual	framework	
In sum, Figure 4-1 is use to summarized what we have discussed. Figure 4-1 shows that 
“motivation”, “capability”, “implementation” and “results” are antecedents to energy efficiency 
outcomes. Key barriers that are mapped into the antecedents are also captured in Figure 4-1. 
As you may observe in Figure 4-1, we also proposed a feedback loop from “results” to 
“motivation”. GWM Singapore had experienced eight years of success with energy efficiency and 
one project leads to another because of the success. As the saying goes, success breeds success. 
This positive feedback needs to be explicitly shown as it is often overlooked despite reports on its 
existence. For example, in a 2006 UNEP report, it was said that the management of a Vietnamese 
fertilizer company supported the implementation of additional (energy efficiency) options due to 
validation of savings from projects implemented earlier (UNEP 2006) – an illustration of a 
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• lack of information on energy efficient technologies 
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Lack of window of opportunity 
• legacy system (longevity of industrial equipment) 
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Here, we attempted to put our case study into the framework’s perspective. Matching qualitative 
data from GWM’s interview to the framework reveals that efforts must follow through 
“motivation”, “capability”, “implementation” and “results” to actualize energy efficiency 
improvements (see Figure 4-2). 
 
Figure 4‐2: Analyzing energy efficiency in GWM using the MCIR framework 
GWM’s case reveals that motivation, though necessary, was not sufficient to realize energy 
efficiency. No matter how strong the motivation, its impact of energy efficiency outcomes is 
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opportunities and/or ability to demonstrate results. “Capability”, “implementation” and “results” 
barriers reduces the impact of “motivation” on “energy efficiency outcomes”. The opposite is true. 
Therefore this leads to the fifth and final hypothesis of our study: 
H5: Beyond what is explained by H1 to H4, the impact of motivation on energy efficiency 
outcomes increases for companies who  
• possess technical capabilities,  
• possess financial capabilities,  
• have opportunities of implementation, and 
• can demonstrate results from energy efficiency investments 
H5 is a hypothesis on the moderating effect(s) of “Capability”, “Implementation” and “Results” 
on “Motivation”. Moderating effects are evoked by variables whose variation influences the 
strength or the direction of a relationship between a dependent variable and independent variable 
(Henseler, Ringle and Sinkovics 2009). In this case, “Capability”, “Implementation” and “Results” 
are thought to strengthen the relationship between “Motivation” and “Energy Efficiency 
Outcomes”. That is, each of them influences the path from “Motivation” to “Energy Efficiency 
Outcomes” (they might or might not have impact on the “Motivation” construct itself) H5 is also 
a reflection of principles of systems thinking. It implies that the total effects of the antecedents 
are more than the “sum of its parts” (because of interactions). 
4.4. Summary	
In this chapter, we developed five sets of hypotheses by drawing insights from literature, 
interviews and case study. We identified four antecedents to energy efficiency in a company, 
namely “motivation”, “capability”, “implementation” and “results”. Energy efficiency in a 
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company in this study is measured by “energy efficiency outcomes”. Applying principles of 
systems thinking on GWM case study, we formulated hypothesis, H5, which states that the 
impact “motivation” on energy efficiency in a company is moderated by “capability”, 







Motivation            
(Cost or CSR) 




















Following the previous chapter where hypotheses have been developed, we explained, in this 
chapter, the quantitative methodology adopted for testing those hypotheses. A questionnaire 
survey is the main methodology used. Firstly, we rationalize the use of formative measurement 
models for this study. We then operationalize the theoretical constructs and explain how 
formative indicators were developed. The second part of this chapter talks about survey 
implementation where we describe how the survey was administered and explained why it was 
administered that way. Finally, we present the response rate, and evaluate the formative 
measurement model to ensure it contains no bias and that it is valid. 
5.2. Measures	and	questionnaire	design	
A formative model is adopted in this study. Although reflective models have been traditionally 
used – mainly because of the ease of model assessment, Blalock (1964) cautioned against 
ambiguous mapping of theoretical constructs onto empirical phenomena results in theories that 
could not be meaningfully tested. Even though reflective models have been popular and there are 
well-documented limitations in analysis when using formative models, model miss-specification 
could pose a bigger problem. Model mis-specification is in fact a common observation. 
According to Jarvis et al. (2003), 28% of top-level marketing articles had used mis-specified 
measurement models in structural equation modeling (SEM) applications. A substantial number 
of latent variables in these studies were inappropriately specified as reflective when they were, in 
fact, formative. Such misspecification can bias inner model parameter estimation and lead to 
incorrect assessments of relationships (Jarvis et al. 2003). Besides, there were other reasons 
supporting the use of formative constructs in this study. This study presented a novel energy 
efficiency oriented framework and hence constructs were newly identified in the context of 
 
  53
energy efficiency. More importantly, each construct was conceptualized to consist of more than 
one dimension. Because of having multiple dimensions, the direction of causalities pointed from 
indicators to constructs, which is a distinctive characteristic of formative constructs (Edwards & 
Bagozzi 2000). Thus, given the theoretical considerations regarding the relationship between 
indicators and the latent construct under examination, a formative model was decided for against 
a reflective model. 
Index	construct		
Indices with formative indicators for “Motivation”, Capability”, “Implementation”, “Results” and 
“Energy Efficiency Outcomes” were constructed using a four-step procedure as  proposed by 
Diamantopoulos and Winklhofer (2001), namely (1) content specification, (2) indicator 
specification, (3) internal collinearity (similar to a validity test that is typically done after survey 
data is collected) and (4) external validity (an extension of (3)). 
In this study, the “motivation” construct was operationalized to contain two dimensions, “cost” 
and “CSR”. In order to capture the impact of both dimensions accurately, “Motivation” is tested 
separately as “cost” and “CSR”, i.e.  “Motivation” is treated as either “cost” or “CSR”, instead of 
a second order formative construct. It was inappropriate for form a second order formative 
construct because it was observed that the level of motivation in a company is not determined by 
the number of motivation source. To illustrate, a company that is motivated by different reasons 
need not necessarily be more motivated by another company that is motivated by a single reason, 
if the former is weakly motivated by the various reasons while the latter is strongly motivated by 
the single reason. In this case, therefore, if we aggregate “cost” and “CSR” into a single 
“motivation” construct, the score for “motivation” would be inaccurate for analysis. 
“Capability” was broken down into two dimensions, namely “technical capability” and “financial 
capability” and each dimension was treated as first-order construct. “Implementation” and 
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“results” are treated as single-dimension, first-order constructs. Operationalization of the six 
constructs is shown in Table 5-1. 
Indicators	development		
A census of indicators is required for formative constructs. Indicators must cover the entire scope 
of the formative construct (Bollen and Lennox 1991). Constructs were measured using previously 
validated multi-item scales from a range of industry reports and academic journals.  
Corresponding indicators were developed from an extensive source of surveys literature, 
academic literature and from the interviews previously conducted (Table 5-1). This is particularly 
important for formative constructs because they are “more abstract and ambiguous than a latent 
variable measured with reflective indicators” (Bagozzi 1994, p. 333). Due to the lack of well-
validated measures for these new constructs in the context our study and even though the 
indicators were referred from the relevant literature, it must be noted that many indicators had to 
be paraphrased and altered to suit the context of our study. Conventional writing guidelines on 
writing up the items were followed, which included clarify, length, directionality, lack of 
ambiguity, and avoidance of jargon (e.g. DeVellis 1991; Spector 1992). A seven–point Likert 
format was used for scoring. 
A pre-validation of the measures was conducted with five engineers from the petrochemicals, 
chemicals, and machinery and equipment industrial subsector. Based on their feedback and 





Construct Content Specification Indicator References 
Cost The extent to cost reductions 
possible with energy efficiency  
M1: Reducing energy cost can lower my company’s overall 
production cost substantially. 
From interviews and Singapore 
industry energy data (Singapore 
Economic Development Board) 
M2: My company implements energy efficiency practices and 
technologies so as to reduce energy costs. 
Gonzalez-Benito and Gonzale-
Benito 2005 
M3: Energy efficiency implementations tend to increase our 
costs of business due to costlier processes and materials and 
more compliance 
Industry Views -  Going green: 
Sustainable growth strategies 
Technology executive connections, 




The degree to which the company 
is concerned with its 
responsibility to the greater 
society 
M11: My company is concerned and cares about the 
environment. 
From interviews 
M12: My company is committed to reducing our impact on 
natural environment, even if this entails lower productivity and 
higher operating costs. 
Gonzalez-Benito and Gonzale-
Benito 2005 
M13: My top management views environmental issues 
seriously. 
From interviews 
M14: My company has a written environmental policy. Luken, Rompaey and Zigova 2008 
M15: My company sets environmental target(s) such as the 




Ability (technical, managerial, 
organizational) or access which 
leads to expertise for which the 
company is able to effectively 
implement energy efficiency 
practices or knowledge (Luken, 
R., Rompaey, F.V., Zigova K., 
2008) 
C1: The engineers and technicians in my company have the 
technical knowledge to implement energy efficiency practices 
and adopt energy efficient technologies. 
Kammerer 2009 
C2: My company can easily access external experts who can 
help us in conducting energy audits and implementing energy 
efficiency improvements. 
Luken, Rompaey and Zigova 2008 
C3: My company is NOT able to conduct our own energy 
audits. (reversed coded) 
From interviews 
C4: My company knows exactly who to approach to learn about 
energy efficiency improvements. 
Luken, Rompaey and Zigova 2008 
Financial 
capabilities 
Ability or access to financial 
resources which allows energy 
efficiency projects to take place 
C5: My company sets aside a certain amount of funding to 
invest in energy efficiency improvement projects. 
Murillo-Luna, Garces-Ayerbe and 
Rivera-Torres 2011 
C6: My company has the financial resources to invest in energy 




Construct Content Specification Indicator References 
C7: My company has access to external financing (e.g. loans 
and funds from financial institutions) to invest in energy 
efficiency improvement projects. 
From interviews 
C8: My company has access to adequate funds from the 





The extent to how easily energy 
efficiency can be implemented 
I1: In my company, production can be stopped easily in order to 
carry out energy efficiency activities (e.g. retrofitting of 
pumps). 
Murillo-Luna, Garces-Ayerbe and 
Rivera-Torres 2011 
I2: My company faces physical constraints (e.g. the lack of 
space) to implement energy efficiency projects. 
From interviews 
I3: My company's production department resists energy 
efficiency projects for fear of disruption to production schedule. 
Murillo-Luna, Garces-Ayerbe and 
Rivera-Torres 2011 
I4: My company's quality department resists energy efficiency 
projects for fear of risks to product and process quality. 
Murillo-Luna, Garces-Ayerbe and 
Rivera-Torres 2011 
Results The extent to which the results of 
energy efficiency can be 
demonstrated explicitly 
R1: In my company, energy savings from projects can be 
verified objectively. 
From interviews 
R2: My company uses an automated metering & control system 
(real-time) to track energy consumption. 
Energy Efficiency Survey Project, 
International Finance Corporation, 
World Bank group, 2010 
R3: In my company, we are NOT able to report energy savings 
from energy efficiency projects with quantitative figures. 
(reversed coded) 
From interviews 
R4: Energy savings from EE projects is monitored 




The extent of energy efficiency 
efforts and satisfaction with the 
outcomes 
Y1: We have not done many energy efficiency projects in the 
past three years 
From interviews 
Y2: Overall, our energy efficiency projects are on schedule. From interviews 
Y3: Overall, our energy efficiency projects are within budget. From interviews 
Y4: The outcomes of our energy efficiency projects meet our 
expectations 
From interviews 






The survey was conducted on Singapore’s manufacturing companies by post. The mailing list 
was obtained from One Source, a commercial company that sells database containing company 
contact information. This database is available on the library portal of National University of 
Singapore (NUS) and is accessible to students and staff of NUS. Hardcopy posted survey was 
chosen as the mode of survey as opposed to telephone because the length of questionnaire makes 
it difficult for a telephone interview. Also, given the advancement in printing technology, color 
printing has become more economical and could enhance the aesthetics of the paper survey. In 
that sense, a physical copy of the survey would be more appealing and less easily ignored when 
compared to online surveys. 
To maximize response, Dillman’s multiple-contact point system was adopted (Dillman, Smyth 
and Christian 2009). This implies that: (1) a pre-notice letter was sent to the companies two 
weeks prior to the questionnaire, stating the objectives of the survey and noted the expected 
arrival of a questionnaire for completion. (2) Two weeks later, the questionnaire which included a 
detailed cover letter, the questionnaire and a pre-paid postage envelope was mailed. (3) 
Reminder-cum-appreciation letters were sent two weeks after the questionnaire mailing to remind 
non-respondents to complete the survey and to thank respondents for their time. (4) A second 
reminder-cum-appreciation letter. And finally, (5) follow-up phone calls were made to randomly 
selected companies to urge a response in the case of non-response. 
Due to budget constraints and the exploratory nature of the study, only four industrial subsectors 
were covered in this survey. They are SSIC 10: Manufacture of food products, SSIC 20: 
Manufacture of chemicals and chemical products, SSIC 24-25: Manufacture of basic metal and 
fabricated metal products, SSIC 26: Manufacture of computer, electronic and optical products and 
SSIC 28: Manufacture of machinery and equipment. Among them, SSIC 20 is most energy-
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intensive and frequently consulted by the Singapore government on energy related issues. The 
other three, on the other hand, are seldom asked to participate in energy activities even though 
they are several companies that fall in these categories. 
5.4. Survey	response	rate	
Table 5-2 shows the response rates of this survey. The total responses rate was relatively poor 
mainly due to an outdated mailing list which we came to realized after the survey posting. The 
number of undelivered posts was extremely high. Nevertheless, we collected 143 usable 
responses out of the 200 returns, which considered acceptable for an exploratory study. 
Table 5‐2: Survey response rate 




























Total mailed 586 749 1010 1850 1032 
Undelivered/ un-
usable 
217 442 592 728 537 
Declined 11 53 63 104 72 
Balance 358 254 355 1018 423 
Usable 18 28 27 47 23 
Overall response 
rate 5.03% 11.02% 7.61% 4.62% 5.44% 
Total response rate 6.10% 
 
5.5. Non‐response	bias	test	
Non-response bias by definition refers to the error one expects to make in estimating a population 
characteristic based in the survey response data in which, due to non-response, certain types of 
survey respondents are under-represented (Berg 2010). Therefore, all surveys should be tested for 
non-response bias.  Especially in this case where the response rate was relatively low, we need to 
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find out if there were indeed differences among the early and late respondents, which, if positive, 
would reveal signs of under-presentation of certain groups of companies. 
The survey responses were categorized into three groups: (1) companies which responded before 
the first reminder, (2) companies which responded after first and second reminders, and (3) 
companies which responded late. For this particular analysis, they were named BATCH 1, 
BATCH 2 and BATCH 3 respectively. The date of receipt of survey response stamped by 
Singapore’s Post Office was used to determine the batch in which each response was grouped 
under.  
One-way analysis of variance (ANOVA) in SPSS 20.0 was used for the analysis. It is an 
inferential statistical test that tests if there are significant differences among means of samples. It 
assumes that the dependent variable has an interval or ratio scale, but it is often also used with 
ordinally scaled data. Here, we test if the rate of response affects a company’s satisfaction with 
their energy efficiency efforts. In particular, we use Y5 (See Table 5-3) as the dependent variable. 
The following hypothesis was test at  = 0.05, 
• Null Hypothesis, H0: batch1 = batch2 = batch3 
• Alternative Hypothesis: H1  H0 
Table 5‐3: One‐way ANOVA test (using SPSS 20.0) 





Between Groups 3.046 2 1.523 .554 .576 
Within Groups 332.632 141 2.749   
Total 335.677 143    
 
The p-value of the test displayed in Table 5-4 (in column “Sig.”) is 0.576 which is greater than 
0.05. Therefore we failed to reject the null hypothesis that the means were the same, i.e. there was 
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insufficient evidence to show there were differences among the different respondents. With this, 
we could be assured there was little or no bias in the responses. 
5.6. Demographic	information	of	respondents		
Due to the low survey response rates, it would be useful to provide further information on 
respondents’ profile. First of all, it should be highlighted that most of the respondents were 
Directors, General Managers or Chief Executive Officers (See Figure X). This adds credibility to 
the results obtained. 
 
Figure 5‐1: Breakdown of respondents’ profile by position in company 
Other demographic information on the respondents is shown in Figures 7 to 9. Most of the 
companies which responded are local companies. Most of the companies have staff strengths 
below one hundred employees and annual turnovers of between one million (SGD) to twenty-four 
























































Due to vastly different operating principles between formative and reflective measurement 
models, traditional validity tests for reflective measures do not apply to formative indicators. 
Concepts of reliability (internal consistency) and construct validity (convergent and discriminant 
validity) are not meaningful because formative measures assume error-free measures and the 
direction of causal relationship is from measurement indicators to latent variable (Bollen 1989; 
Bagozzi 1994; Diamantopoulos 2006). Nevertheless, Henseler, Ringle and Sinkovics (2009) 
summarized three out of four validity tests for formative measurement model, most of which 
were adapted from Diamantopoulos and Winklhofer (2001). 
(1) Nomological validity 
According to Rossiter (2002), first examination of the validity of formative indicators should use 
the theoretical basis and expert opinions, which are essentially the concepts of content and 
indicator specification discussed in section 5b. This procedure was carried during indicator 
development and therefore, this validity test has been addressed. 









This is a test of irrelevance of the indicator for the construction of the formative index. 
Significance of the estimated indicator weights can be determined by means of bootstrapping (c.f. 
Davison & Hinkley 2003; Chin 1998; Tenenhaus et al. 2005). Bootstrapping was conducted using 
SmartPLS 2.0. Five indicators, namely M11, C3, C8, I2 and R1, were found to be insignificant 
but they were not removed. Researchers were cautioned against discarding formative indicators 
simple on the basis of statistical outcomes because, if removing the indicator removes part of the 
construct, the scale validity of the construct would be reduced (Jarvis et al. 2003). As long as 
conceptually justified, it is recommended that the researcher should keep both significant and 
insignificant formative indicators in the measurement model (Henseler, Ringle and Sinkovics 
2009). After scrutinizing the indicators, we decided against dropping them as each of them 
contributed to the construct they represented. 
(3) Multicollinearity 
An issue particular to formative indicators is that of multicollinearity (Diamantopoulos and 
Winklhofer 2001). Multicollinearity or excessive collinearity occurs when two or more indicators 
are highly correlated. Bearing in mind that formative measurement models are based on multiple 
regressions, in situations of multicollinearity, indicator coefficients will change erratically in 
response to minor fluctuations in the sample (such as measurement and sampling errors). 
Assessment of indicator validity would also be problematic as indicators coefficients can be 
interpreted as validity coefficients (Bollen 1989). Other than validity issue, multicollinearity also 
makes it difficult to separate the distinct influence of individual indicators on the latent variable 
(Diamantopoulos and Winklhofer 2001).  
Variance inflation factor (VIF) is often used to check for multicollinearity. SPSS 20.0 was used to 
calculate VIFs for the formative measurement models. As a rule of thumb, VIF of 5 is 
problematic and a VIF of 10 the cut-off threshold (O'Brien 2007). However, for formative 
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construct, scholars suggest that VIF values greater than 3.3 indicate high multicollinearity 
(Diamantopoulos and Siguaw 2006). The VIFs for our indicators are summarized in Table 5-4. It 
should be seen that multicollinearity poses no problem among the indicators as all VIF s are well 
below 5 and none above 3.3. 
Table 5‐4: VIF of formative indicators 
Indicator VIF Indicator VIF Indicator VIF 
M1 1.17 C2 1.22 I3 3.17 
M2 1.17 C3 2.41 I4 3.09 
M3 1.02 C4 2.76 I5 1.50 
M11 2.71 C5 2.42 I6 3.03 
M12 1.46 C6 2.52 I7 2.87 
M13 3.21 C7 2.06 R1 1.81 
M14 3.05 C8 2.21 R2 3.01 
M15 3.00 I1 1.02 R3 1.22 
C1 2.03 I2 1.09 R4 2.26 







After confirming that the measurement model was valid and non-biased, the structural models 
were assessed. Both partial least squares path modeling tools and regression tools were employed 
to analyse the survey data. Results of analysis are discussed while making inference to the 
hypotheses.  
6.2. Structural	models	
Two structural models were tested in this study. The first structural model consists of H1a, H2a 
and H2b, H3, H4 and H5 while the second structural model consists of H1b, H2a and H2b, H3, 
H4 and H5. The only difference between the two models lies in their “motivation” construct. 
Unlike “capability” construct which needs both the technical and financial components, 
motivation could arise from “cost” and/or “CSR”. That is, company who is motivated by “cost” 
alone need not be lower in motivation that those who are motivated by both “cost” and “CSR”. 
The vice versa is true. Therefore, we choose to test “cost” and “CSR” exclusively of each other so 
that we can accurately test the effects of other antecedents on motivation. To explain further, if 
we wish to test the moderating effects of other variables on “motivation” and if we use both “cost” 
and “CSR” together in one single model, we need to aggregate “cost” and “CSR” into a second 
order, formative construct that measures “motivation”. This would make analysis inaccurate 
because, for example, a company that measures low in “CSR” and high in “cost” would have a 
lower overall “motivation” when in fact the high “cost” motivation takes dominance over the 
combined effect. Therefore, “Motivation” is treated as either “Cost” or “CSR”, instead of a 
second order formative construct and this resulted in the development of two structural models as 
depicted in Table 6-1 and Table 6-2. For statistical analysis reasons, it was also better to separate 
the analysis between “cost” and “CSR” because if only one model was used to capture both 
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factors, the number of multiplicative terms generated from the interacting factors (variables) 
would be too many for a single model. In our case, a sample size of 143 would be insufficient for 
the entire regression analysis.  
Structural model 1 (SM1) investigates the interaction effects of other variables on “cost” on 
“Energy Efficiency Outcome” while structural model 2 (SM2) investigates the interaction effects 
of other variables of “CSR” on “Energy Efficiency Outcome”. SM1-1 involves only the direct 
effects of the five antecedents on “energy efficiency outcomes”, SM1-2 includes the two-way 
interaction effects, SM1-3 includes the three-way interaction effects, etc. This structure is similar 
to SM2 as well. 
 
Figure 6‐1 Structural Model 1 (SM1) with “cost” as “motivation” 







To test the direct and moderation effects of the formative constructs, a two stage-approach 
(Henseler, Ringle and Sinkovics 2009) was adopted. The first stage involved running the models 
in Partial Least Squares (PLS) path modeling to obtain the latent variable scores for each of the 
formative constructs. The latent variable scores were calculated and then saved for hierarchical 
regression analysis (stage two). Moderation effects are typically tested using pair-wise 
multiplication of indicators when the indicators are reflective. For formative indicators, pair-wise 
This image cannot currently be displayed.
 
  68
multiplication of indicators is not feasible. As explained by Chin et al. (2003), “formative 
indicators are assumed to reflect the same underlying construct (i.e. can be independent of one 
another and measuring different factors), the product indicators between two sets of formative 
indicators will not necessarily tap into same the underlying interaction effect” (Chin et al. 2003, 
Appendix D). Therefore, Henseler, Ringle and Sinkovics (2009) recommended using PLS path 
modeling advantage of explicitly estimating the latent variable scores and using the scores to 
build the interaction terms which can be used as independent variables in the (hierarchical) 
regression stage. 
After obtaining the latent variable scores, in stage, a five-step hierarchical regression was applied 
to SM1 and SM2 to analyse the direct effects, and two-way, three-way and four-way interaction 
(or moderating) effects. Sets of variables were entered consecutively to investigate the added 
effects of interactions. 
Results	of	structural	model	1	(SM1)	–	Direct	effects	
Hierarchical regressions results of SM1 are tabulated in Table 6-1. All the identified independent 
variables – “cost”, “technical capability”, “implementation” and “results” – except for “financial 
capability”, exhibited a positive influence on the dependent variable, “energy efficiency 
outcomes”. Thus, hypotheses H1a, H2a, H3, and H4 are supported. Only H2b is not supported but 
it is a surprising finding. H5 is but only partially supported. The following discussion is organized 







 Structural Model 1 (SM1) 
Factors of Energy Efficiency Outcomes (EE) 1-1 1-2 1-3 1-4 1-5 
Cost (Cost) .211** .286** .310** .297** .298** 
Technical capability (Tec) .156* .180* .230* .262* .255* 
Financial capability (Fin) .047 .062 .042 .027 .015 
Implementation (Imp) .135* .144* .111 .116 .087 
Results (Res) .384** .296** .285** .286** .267** 
      
Cost * Tec  .023 .062 .032 .030 
Cost * Fin  .074 .085 .136 .153 
Cost * Imp  .097 .059 .000 .022 
Cost * Res  .267** .280** .217* .227* 
Cost * Tec * Imp   .005 .123 .110 
Cost * Tec * Res   .061 .052 .009 
Cost * Imp * Res   .071 .025 .134 
Cost * Fin * Imp   .060 .076 .152 
Cost * Fin * Res   .104 .155 .101 
Cost * Tec * Fin    .168 .188 .134 
Cost * Tec * Imp * Res    .180 .336 
Cost * Fin * Imp * Res    .174 .026 
Cost * Tec * Fin * Imp    .210 .216 
Cost * Tec * Fin * Res    .097 .128 
Cost * Tec * Fin * Imp * Res     .267 
      
R2 change .529 .045 .011 .013 .004 
F change 30.8 3.55 .536 1.02 1.22 
Significance level .000 .009 .780 .401 .272 
Significant at ** p<.01, * p<.05 
1. “Results”, followed by “cost”, has the strongest influence on energy efficiency. 
In this study, “cost” is a “motivation” measured by the extent of the cost reduction that was 
possible with energy efficiency investments in a company. Therefore, perhaps not surprisingly, 
“cost” was found to be a significant factor to energy efficiency. The for-profit nature of 
businesses means that companies should be concerned with the bottom-line and therefore, the 
greater the promise of energy efficiency outcomes to reduce cost of production, the more likely a 
company would invest in energy efficiency.  
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It is interesting that the results here showed a stronger relationship between “results” and “energy 
efficiency outcomes” than that between “motivation” and “energy efficiency outcomes”. This can 
be explained by the way “energy efficiency outcomes” was measured. In our study, we measured 
“energy efficiency outcomes” on two dimensions: the extent of adoption and positive outcome(s) 
of the adoption. Thus, “motivation” would greatly influence the potential of taking an action, 
such as adoption of energy efficiency equipment but would probably not have as high an 
influence on the outcomes of the action, i.e. the good or bad outcomes. “Motivation” can be 
thought to have a significant influence on the first dimension (adoption) and less on the second 
(outcome of adoption). When combined, the impact of “cost” somewhat offset, and thus 
explaining why it was not the most significant factor of “Energy Efficiency Outcomes”. 
As explained in the earlier sections on theoretical concept development, results demonstration – 
the ability to measure and verify results of energy efficiency investments – is an important but 
often overlooked factor to energy efficiency. The results here strongly emphasized the importance 
of results demonstration to energy efficiency in a company. Financial benefits of energy 
efficiency investments are not as easily seen as those of capital investments such product market 
expansion, product technology advancement, etc. Benefits of energy efficiency come in the form 
energy savings, which are intangible without measurement and verification of energy 
consumption in a company. In our study, we measured “results” on the extent to which company 
monitors and tracks energy consumption. Hence, the analysis results showed that companies who 
metered and quantified their energy consumption (and savings) were able to report cost benefits 
from energy efficiency investments, which in turn positively affected “energy efficiency 
outcomes.” 
2. “Financial” capability has no influence on energy efficiency. 
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Most of the literature cited here cites limited access to funds and lack of capital as important 
barriers to energy efficiency. However, the results here show otherwise. This was a surprise 
finding with strong implications. This result shows that it is highly likely that energy efficiency 
was inherently not a priority in companies. That is, even if few barriers to energy efficiency 
existed, energy efficiency investments would still not be given funds for implementation. Simply 
put, a wealthy company is less likely to invest in energy efficiency even if the risks and returns 
were similar to other business expansion type of capital investments. Essentially, this result shoes 
that financial barriers are not as strong as they have been claimed to be, which provided a new 
and important perspective to energy efficiency policy making. There are a few possible 
explanations for this surprise finding, and they form the basis of future research: 
1. There could be a staged process through which energy efficiency in a company takes 
place, analogous to Maslow’s hierarchy of needs. If so, financial capability for energy 
efficiency could be liken to the higher stages of Maslow’s hierarchy of needs. Only when 
the “basic” conditions are met, then would financial capability influence energy 
efficiency outcomes.  The “basic” conditions, as proposed here, could be motivation, 
technical capability, ease of implementation and positive results demonstration. This 
implies that there could be a hierarchical stage process to energy efficiency realization, 
which would require more in-depth testing. 
2. This study did not distinguish between the types of energy efficiency efforts, mainly 
because it was largely exploratory. It could be that energy efficiency companies sampled 
were of “low-hanging fruits” nature where few financial resources were needed. If so, it 
would quite realistic that “financial capability” had no significant relationship with 




Hierarchical regression results in Table 6-1 showed support for some extent of interaction effects 
among factors. Model SM1-1 was the baseline (no interaction effects) and models SM1-2 to 
SM1-5 added interaction variables to the baseline model. R2-change values and F values model 
SM1-2 fits the data better than the baseline model, indicating that a two-way interaction effects 
exist. However, from the standardized beta coefficient values, the only significant interaction 
effect was between “cost” and “results”. Therefore, relating “cost” back to “motivation”, 
“motivation” appears to be positively moderated by “results”. That is, the impact of “motivation” 
on energy efficiency increases in a company’s ability to demonstrate results from energy 
efficiency implementations. This is an important finding, which is also aligned to principles of 
business economics. Simply put, as long as companies can see the financial benefits in energy 
efficiency, they are likely to implement energy efficiency actions. This also implies that perhaps a 
faster way to promote energy efficiency in companies is to encourage them to meter and track 
their energy consumption at an appropriate level where energy savings from energy efficiency 
can be quantified and verified. This finding also implies that non-energy intensive companies, if 
able to meter and quantify energy savings, would also pursue energy efficiency. 
Since only a two-way interaction effect was found to be significant, H5 is only but partially 
supported. At this point, it was unclear why H5 was not fully supported. However, a post-hoc 
analysis performed in section 6d alluded that the sample data cannot be treated homogenously. 
Results	of	structural	model	2	(SM2)	–	Direct	effects	
Regression results of SM2 are tabulated in Table 6-2.  Similar structure to SM1 in presenting 





 Structural Model 2 (SM2) 
Factors of Energy Efficiency Outcomes (EE) 2-1 2-2 2-3 2-4 2-5 
CSR (CSR) .154 .148 .147 .139 .124 
Technical (Tec) .128 .106 .333 .216 .226 
Financial (Fin) .041 .078 .034 .046 .030 
Implementation (Imp) .156 .176 .047 .068 .029 
Results (Res) .418** .375** .373** .370** .380** 
      
CSR * Tec  .091 .126 .150 .127 
CSR * Fin  .063 .112 .070 .104 
CSR * Imp  .021 .015 .036 .041 
CSR * Res  .226* .275* .292* .312* 
CSR * Tec * Imp   .074 .131 .050 
CSR * Tec * Res   .176 .158 .202 
CSR * Imp * Res   .137 .152 .235 
CSR * Fin * Imp   .108 .126 .185 
CSR * Fin * Res   .230 .203 .212 
CSR * Tec * Fin    .179 .144 .098 
CSR * Tec * Imp * Res    .147 .017 
CSR * Fin * Imp * Res    .007 .119 
CSR * Tec * Fin * Imp    .121 .067 
CSR * Tec * Fin * Res    .044 .050 
CSR * Tec * Fin * Imp * Res     .211 
      
R-squared change .510 .016 .023 .003 .003 
F change 28.6 1.15 1.08 .186 .803 
Significance level .000 .337 .379 .945 .372 
Significant at ** p<.01, * p<.05 
1. There is no significant relationship between “CSR” and “energy efficiency outcomes”. 
As shown in Table 6-2, no significant relationship was found to exist between “CSR” and 
“energy efficiency outcomes”. Thus, hypothesis H1b could not be supported. Perhaps more 
commonly, CSR is associated with environmental protection and Greenhouse Gas (GHG) 
emissions reduction. It would be that companies do not associate energy efficiency with 
emissions reduction. Therefore, despite widely reported claims that companies recognize the link 
between energy efficiency and reducing emissions, CSR was in fact not a strong driver for energy 
efficiency, unless legislations are enforced, like the case in European countries. This study was 
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conducted on companies in Singapore. Currently, there is no emissions-related legislation by the 
Singapore government that affects the manufacturing sector. Therefore, CSR, which is voluntary, 
is unlikely to have a significant impact on energy efficiency. 
Results	of	structural	model	2	(SM2)	–	Interaction	effects	
There was no significant change in R2-change value from baseline model SM2-1 to models SM2-
2 to SM2-5, indicating no improvement in model fit when interaction terms were added. This was 
a different result from that of SM1 where there was a significant improvement in model fit from 
SM1-1 to SM1-2. It could be attributed to the lack of a direct “motivation” effect in SM2 that led 
to negative findings on interaction effects. 
In this model, “results”, still had a strong relationship with energy efficiency, which was the same 
result as found in SM1. It had been explained why “Results” had a significant impact on energy 
efficiency. However, it is interesting here that a significant relationship still existed between 
“results” and “energy efficiency outcome” despite the absence of a “motivation” factor. This 
alluded to some form of relationship between “results” and “motivation” which also drove energy 
efficiency. There could potentially be potential feedback from “results” to “motivation” which 
could be tested in a longitudinal survey in a future research. 
6.4. Further	analysis	
To have deeper insights how barriers might prevent energy efficiency adoption in companies and 
to further test hypothesis H5, a post-hoc analysis was performed for SM1. The sample was 
separated into three groups: (1) “low cost motivation” group, (2) “high cost motivation” group, 
and (3) the middle portion (which was excluded from this analysis). Standardized latent values 
for “cost” from PLS path modeling were used to stratify the sample into the three groups. The 
“low cost motivation” group (25 cases) consisted of cases scoring in the bottom 33.33% of the 
“cost” construct, while the “high cost motivation” group (39 cases) consisted of cases scoring in 
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the top 33.33% of the “cost” construct. The middle portion which was not used for the analysis 
here consisted of cases that scored values between the two groups (Figure 6-3). Corresponding 
structural models in the “low cost motivation” group are labeled with an “a” and those in the 




Two 5-step hierarchical regressions were performed to investigate the moderating effects of other 
independent variables in “motivation” (for the groups of “low motivation” and “high motivation”). 
Model estimates from the regression analysis are tabulated in Table 6-3. 
Table 6‐3: Model estimates from hierarchical regressions for "low cost motivation" and "high cost motivation" 
groups 
Factors of Energy 
Efficiency Outcomes 
(EE) 
SM1a:  “Low Cost Motivation” SM1b:  “High Cost Motivation” 
1-1a 1-2a 1-3a 1-4a 1-5a 1-1b 1-2b 1-3b 1-4b 1-5b 
R-squared change .367 .323 .108 .186 .000 .627 .016 .004 .018 .012 
F change 2.20 3.90 .80 13.95 .00 11.08 .322 .044 .256 .647 
Significance level .05 .02 .59 .00 .99 .00 .86 1 .90 .432 
 
This image cannot currently be displayed.
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Recall that when the entire sample was analyzed using regression, there was a significant direct 
relationship between “cost” (“motivation”) and “energy efficiency outcomes”. However, in this 
analysis, no significant direct relationship was found between “cost” and “energy efficiency 
outcomes” in both the low “cost” and high “cost” groups.  
However, more interaction effects in the “low cost motivation” group were found to be 
significant. “Cost”, when “low”, was positively moderated by other independent variables. In 
particular, Model 1-4a of “low cost motivation” group, with the highest F-change value, fitted the 
data most significantly, indicating the presence of multiple-factor interactions effect and a greater 
support for hypothesis H5. On the other hand, no interaction effect was found for the “high cost 
motivation” group, implying that the impact of “motivation” on “energy efficiency outcomes” 
cannot further increase with the increase of other independent variable.  
This result gave some clues as to a possible threshold effect which could be used to explain why 
H5 was not fully supported in the earlier analysis. From the model estimates shown in Table 6-3, 
it could be inferred that H5 was mostly true for companies with low “motivation”. Therefore 
when the entire sample was analyzed, there was no segregation of data and the interactions effects 
were unobservable. To put this into perspective, this alluded that barriers prevent energy 
efficiency adoption in the way that they interact with one another. How they interact appears to 
be different in different situations. 
If this is true, this result has important policy implications. In a company, before “Motivation” 
(for energy efficiency) reaches a certain threshold level, increasing other factors such as  
technical and financial capabilities, opportunities for implementation and results demonstration 
ability could increase the motivation for energy efficiency adoptions. However, when “motivation” 
reaches a threshold level, an additional analytical step of is needed to identify the next most 
significant factor towards energy efficiency. To put this into policy perspective, it can be 
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interpreted that different policy approaches are needed for two different groups of companies, 
specifically the “low cost motivation” group and the “high cost motivation group”. Recall that 
“cost” was measured by the extent of energy savings possible with energy efficiency. With this, 
we can then imagine that less energy-intensive companies, with potentially less energy savings, 
would form the “low cost motivation” group and vice versa. Therefore, for companies that are 
less energy-intensive, a policy approach to increase energy efficiency could be less targeted; it 
could be strengthening capabilities, increasing the ease of implementation and/or increasing 
results demonstration ability.  
On the other hand, no interaction effect was found to be significant in SM1b. “Results” was the 
only significant direct factor in model 1-1b, implying that programmes involving results 
demonstration would be most useful for energy-intensive companies. However, as the results 
showed, it would mean that, for energy-intensive companies, more targeted solutions would be 
required to further increase their energy efficiency. One could imagine that a different framework 






In this study, we identified six antecedents to energy efficiency, namely “cost”, “CSR”, 
“technical capability”, “financial capability”, “implementation” and “results”. The process of 
construct operationalization and measurement indicators development are carefully described by 
drawing support from literature, interviews and case study findings.  
Amongst the antecedents, significant, positive direct effects were found for “cost” (a 
“motivation”), “technical capability”, “implementation” and “results” on energy efficiency; their 
path coefficients were significant at p<0.01 and p<0.05. Therefore, H1a, H2a, H3 and H4 (direct 
effects) were fully supported.  Based on the beta coefficients, there was a strong positive 
relationship between energy saving potential (“cost” motivation) and energy efficiency outcomes 
in a company. In addition, the regressions showed that the relationship could be further 
strengthened if the company has the ability to show demonstrate financial benefits from energy 
efficiency using verifiable energy data (“results” demonstration). Another major observation was 
that, “results” consistently displayed a positive significant relationship with “energy efficiency 
outcomes”, even in cases where there were insignificant “motivation” effects. This alluded to 
some relationship between “results” and “motivation”. The relationship could be a form of 
feedback that could be tested in a longitudinal survey. 
“CSR” and “financial capability” were found to not possess any significant direct effects on 
energy efficiency; therefore, H1b and H2b were not supported. As discussed and explained, it 
was likely that CSR had insignificant effect on energy efficiency as there are currently no 
environmental regulations in Singapore. The findings for “Financial” on energy efficiency 
revealed a possible hierarchy of barriers. More importantly, such findings showed that a new 
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perspective to barriers to energy efficiency is needed to better understand the energy efficiency 
issue that is contextual and systematic.  
H5 (interaction effects) was but only partially supported in the initial analysis, but a post-hoc 
statistical analysis showed greater support for H5. In the post-hoc analysis where the sample was 
divided according to their energy-intensiveness, it was revealed that multiple-factors interaction 
effects existed for companies that are less-energy intensive. This is an important contribution 
showing that barriers indeed interact with each other, albeit in different manners given the context. 
A more complex, non-linear model could be developed to capture the interaction effects more 
accurately in an overarching model. 
7.2. Theoretical	Contributions	
The main theoretical contribution of this work lies in its novel and systematic perspective to 
barriers analysis. In the existing literature (well-covered in Chapter 2), barriers are often analysed 
from a mainstream economics perspective. Barriers can be identified through various means, such 
as the use of surveys and from past documentations, but are subsequently analysed and discussed 
using mainstream economics theory. For example, barriers are often classified based on neo-
classical economic theory in which a barrier can be a market failure or non-market failure (e.g. 
Weber 1997, Sorrell 2000). In this study however, barriers have been conceptualized to exist in 
groups that are antecedents to energy efficiency. This is the underlying concept we used to 
understand how barriers prevented energy efficiency in companies. Six constructs, namely “cost”, 
“CSR”, “technical capability”, “financial capability”, “implementation” and “results” are 
identified. In contrast to existing literature, we postulate that the presence of one type of barrier 
affects the other and hence, solutions cannot be proposed isolatedly. A systematic thinking should 
be employed to identify more effective solutions to remove barriers. This is perhaps a gap in 
barriers to energy efficiency literature not well articulated. 
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The research approach of this study is more detailed than that of other similar studies with similar 
objectives (Rohdin and Thollander 2006; Thollander and Ottosson 2008, UNEP 2006, Rohdin, 
Thollander et al. 2007), although some aspects of the research approach are similar. Table X 
below highlights the similarities and differences. 
Table 7‐1: A highlight of the research approach taken for this study in contrast to prior studies 
Research approach Similarity Differences 
Literature review on 
barriers 
In our approach and those in 
prior studies, an extensive 
review of existing literature on 
barriers to energy efficiency 
was conducted.  
In the prior studies, barriers are classified 
using neo-classifical economics theory. 
In contrast, we identified groups of barriers 
that are antecedents to energy efficiency. in 
our study, barriers are grouped into the 
different antecedents 
Survey questionnaire In our approach and those in 
prior studies, survey 
questionnaires were conducted 
to identify prevailing barriers 
and barriers that were specific 
to the objects of study. 
In the prior studies, survey questionnaires 
were shorter and respondents were asked to 
indicate the barriers that faced them and the 
extent to which the barriers did. The 
objective was to identify a list of barriers. 
In our study, the questionnaire was lengthy to 
capture different dimensions of the 
constructs. The objective was to identify two 
types of relationships: the relationship 
between barriers and barriers and the 
relationship between barriers and energy 
efficiency. 
Analysis of survey and 
discussion on barriers 
 In the prior studies, barriers were discussed 
individually and the discussions were often 
contextual and only perceptions. 
In our study, interactions were investigated 
using statistical methods. 
Our main research objective was to apply principles of systems thinking to establish possible 
interactions among barriers and our study has supported this objective. In response to our 
research questions, we have attempted to explain how barriers prevented energy efficiency by 
using the concept of interactions among barriers. The explicit recognition of interactions among 
barriers is the main contribution of this study. Because of such interactions, a barrier can 
strengthen or weaken the impact of another barrier on energy efficiency adoption in a company. 
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Therefore, barriers cannot be treated in isolation from each other, and solutions to barriers need to 
take into that fact into consideration. This is what had been lacking in prior barrier studies. 
7.3. Implications	to	research	
Iinteractions among antecedents have been established in this study and therefore, interactions 
among barriers do exist. This implies that future research on barriers to energy efficiency needs to 
consider and take into account the interactions of barriers during analysis to make the analysis 
adequate. This points to a new direction in the analysis of barriers. Researchers should now focus 
on the interplay of barriers in a system, rather than the identification of barriers. The process of 
identification of barriers has been well established and a comprehensive list of barriers is now 
available. The more important task now is to view barriers in a systemic manner, one that tries to 
understand how barriers influence each other and energy efficiency in different context.  
Table 13 shows the detailed research approach taken for this study. The research approach and 
the design of the survey questionnaire on barriers were done in consideration for interactions 
among barriers. Moving forward, it would be important that future research on barriers to energy 
efficiency also take into consideration such interactions and design a research process that takes 
in a system view of factors.  
In addition, the evidence on interactions also displays the complexity of the energy efficiency gap 
issue. It is likely that an interdisciplinary and systems view of the issue is necessary to perform 
future analysis. 
7.4. Implications	to	policy	
One main policy implication of this study is for policymakers to view barriers in a systematic and 
holistic manner. They should also be cognizant of relationships that exist between barriers. It 
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should be noted that solutions that are proposed to alleviate a particular barrier may sometimes be 
ineffective, because the presence of other barriers. 
 “Results” or the ability to monitor and track energy data surfaced as the most important direct 
factor for companies to embrace energy efficiency. Not only did it exert a significant direct effect, 
it also positively enhanced the relationship between “cost” motivation and energy efficiency. 
Thus, an immediate action, and perhaps a long term solution, would be to encourage companies 
to constantly meter, track, record, and monitor their energy consumption patterns.  
Another important policy implication from the results is that it appears to be easier to drive less 
energy-intensive companies towards energy efficiency from a policymaking perspective because 
“Motivation” can be positive enhanced by increasing other independent factors such as capability 
and ease of implementation. On the other hand, energy-intensive companies, already “high” in 
“motivation” would require a more targeted and specific approach to further drive them towards 
energy efficiency. 
Last but not least, policymakers should be made aware that perception surveys (such as “do you 
face financial barriers to energy efficiency?”, “do you lack staff who are well-trained in energy 
efficiency?”, etc) are inadequate in providing insights on their countries energy efficiency issues. 
In this case for example, sense of CSR was reported to be high among the respondents but 
analysis showed that there is no relationship between a company’s sense of CSR and the 
company’s energy efficiency outcomes. Therefore if policymakers were to take surface values 
from perception surveys and recommended policies based on those surveys, they are likely to 




Several limitations exist in this study. Firstly, formative constructs are said to be empirically 
unstable as they can be operationalized differently in different studies. Every operation then 
implies a different concept. If so, that may lead to different findings across studies that propose 
similar theoretical variables and hypothesis but use different measures. This could make 
comparison across studies difficult. However, if researchers maintain the empirical meaning of 
concepts throughout the model, that should not pose a major problem (Bagozzi 2011). It is 
recommended that future work related to this study consists of the validation of the theoretical 
and empirical meaningfulness of the model. 
Secondly, there is no known valid method for statistically controlling method bias in models 
containing formative measures. Until then, researchers must take great care in designing the 
research procedures to control for common measurement biases (Podsakoff et. al. 2003). 
Thirdly, to validate the stability of the study, it should be repeated with or extended to other 
sectors of the manufacturing industry or to similar industrial sectors of another country. With a 
larger sample size, the validity and quality of the study would be stronger.  
Finally, the study points to a possibility of a more complex, non-linear regression model as 
alluded in Chapter 6, where the sample was stratified into “low cost motivation” and “high cost 
motivation” groups. A non-linear regression model could be developed empirically in the next 
step of research with more a more extensive dataset. 
7.6. Final	conclusion	
This study provides a new perspective to analyze barriers to energy efficiency. By using systems 
thinking perspective and through testing five sets of hypothesis, it is shown that barriers interact 
with one another. To our knowledge, barriers-to-barriers interactions are seldom addressed. In the 
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reviewed literature, only three studies alluded that barriers might interact or display some form of 
hierarchy. Most of the studies view barriers from a mainstream economics perspective and treat 
barriers in isolation. The main contribution of this study to research is in identifying “cost 
motivation”, “technical capability”, “financial capability”, “implementation” and “results” as 
antecedents to “energy efficiency outcomes” and that the impact of motivation on energy 
efficiency can be increased by other antecedents, notably “results”. The main policy implication 
is for policymakers to be cognizant of possible interactions among barriers when making policy. 
Knowing how barriers interact and how they prevent energy efficiency can further help address 
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